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Policies required to encourage biomethane as a transport fuel

Abstract
Greenhouse gas (GHG) emissions from the transport industry is a major environmental
issue which the world currently faces. In Ireland, the transport sector accounted for 19%
of its total GHG emissions in 2015 which is projected to increase to 29% by 2030. The
European Union Renewable Energy Directive (2009/28/EC) mandates Ireland to achieve
a 10% share of renewable energy sources in transport (RES-T) by 2020. The Irish
Government proposes to achieve the RES-T through biofuels (9%) and electric vehicles
(1%). However, in 2016 the RES-T of Ireland stood at 5.0% and requires significant
renewable energy penetration to reach the 2020 target. With the current strategy
struggling, the author is motivated to look at an alternative form of renewable transport
energy, namely biomethane to bridge to RES-T gap to 2020 and beyond. This body of
research develops a strategic policy framework to initiate a biomethane transport
market by determining the best utilisation route to market (14,000 commercial vehicles)
for the biomethane potential identified (11 biomethane facilities), addressing the
technical and infrastructural requirements (22 refuelling stations) to contribute to a REST of 1%. There is also significant potential to expand on this market once developed
which would provide a RES-T of 11%.

This body of research has heavily influenced academic research in which 37 citations
have currently been received. From a policy perspective, proposals to simplify the
regulatory regime for the public supply of bio-CNG in this research has been
implemented by the Commission for Regulation of Utilities, offering such market
participants a significantly less onerous route to market. This research culminates with
a proposal to introduce a set of devised regulatory, policy and safety frameworks that
are currently in development to introduce the first biomethane injection facility into the
natural gas network of Ireland. In conclusion, this body of research has developed an allencompassing strategy to initiate an effective biomethane transport market through the
determination that the captive fleet offers the optimum pathway to penetrate the fossil
fuel transport sector, with the significant biomethane potential identified once the
proposed infrastructural, regulatory, safety and policy frameworks are implemented to
overcome the many highlighted barriers stalling market development.
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Nomenclature
a

annum

ACER

Agency for the Cooperation of Energy Regulators

AD

anaerobic digestion

AFID

Alternative Fuels Infrastructure Directive

AGI

above ground installation

ALARP

as low as reasonably practicable

ASTM

American Society for Testing Materials

BGN

Bord Gáis Networks

Bio-CNG

blended biomethane with CNG

BMW

biodegradable municipal waste

BNEF

biomethane network entry facility

BOS

Biofuel Obligation Scheme

BS

biodegradable solids

CEF

Connecting Europe Facility

CER

Commission for Energy Regulation

CH4

methane

CHP

combined heat & power

CNG

compressed natural gas

CO

carbon monoxide

CO2

carbon dioxide

CRU

Commission for Regulation of Utilities

CSA

connected system agreement

CSO

Central Statistics Office

CSTR

continuously stirred two-stage reactor

CV

calorific value

DCCAE

Department of Communications, Climate Action and
Environment

DENA

German Energy Agency

DFO

delivery facility operator

DfT

Department for Transport
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DM

dry matter

DRI

district regulating installation

DS

dry solid

EC

European Commission

EEG

Renewable Energy Sources Act of Germany

EG FTF

Expert Group on Future Transport Fuels

EPA

Environmental Protection Agency

EU

European Union

ETS

Emissions Trading System

EV

electric vehicle

FIT

Feed in Tariff

FMD

Fuel-Mix Disclosure

FSRA

formal safety risk assessment

FTE

full time employees

GFC

gross final consumption

GHG

greenhouse gas

GGCS

Green Gas Certification Scheme

GGL

Green Generation Limited

GJ

gigajoule

GNI

Gas Networks Ireland

GO

Guarantee of Origin

GSRF

Gas Safety Regulatory Framework

GTMS

Gas Transportation Management System

H

hydrogen

Ha

hectare

HAZOP

hazard and operability study

HD

heavy duty

hp

horse power

HS

high solid

H2O

water

H2S

hydrogen sulphide

I&C

industrial & commercial
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ILUC

indirect land use change

ISO

Independent System Operator

Kg

kilogramme

Km

kilometre

kW

kilowatt

kWh

kilowatt-hour

L

litre

LDE

litre of diesel equivalent

LCV

light commercial vehicle

LEV

low emissions vehicle

LGV

light goods vehicle

LNG

liquefied natural gas

LOPA

layer of protection analysis

LPG

liquefied petroleum gas

LS

low solid

m

metre

MD

medium duty

MRA

measurement risk assessment

MS

Member State

MWh

megawatt-hour

N

nitrogen

NEEAP

National Energy Efficiency Action Plan

NGV

natural gas vehicle

NO2

nitrogen dioxide

NPF

national policy framework

NREAP

National Renewable Energy Action Plan

O2

oxygen

OFMSW

organic fraction of municipal solid waste

OPR

obligate proton reducing

PE

population equivalent

PFD

probability of failure on demand

PHEV

plug-in hybrid electric vehicle
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PJ

petajoule

PM

particulate matter

PPO

pure plant oil

PRG

perennial ryegrass

PSO

Public Service Obligation

REA

Renewable Energy Association

RED

Renewable Energy Directive

REFIT

Renewable Energy Feed in Tariff

RES

renewable energy sources

RES-C

renewable energy sources in cooling

RES-E

renewable energy sources in electricity

RES-H

renewable energy sources in heating

RES-T

renewable energy sources in transport

RGGO

Renewable Gas Guarantee of Origin

RHI

Renewable Heat Incentive

ROI

Republic of Ireland

RTFC

Renewable Transport Fuel Certificate

RTFO

Renewable Transport Fuel Obligation

RTI

Renewable Transport Incentive

S

sulphur

SEAI

Sustainable Energy Authority of Ireland

SIF

safety instrumented function

SIL

safety integrity level

SO2

sulphur dioxide

SME

small to medium enterprise

SO

system operator

SoLR

Supplier of Last Resort

SSRH

Support Scheme for Renewable Heat

t

tonne

TEN-T

Trans-European Transport Network

TII

Transport Infrastructure Ireland

tpa

tonnes per annum
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TS

total solids

TSO

transmission system operator

UK

United Kingdom

USA

United States of America

VAT

value added tax

VDS

volatile destructible solid

VFA

volatile fatty acids

VS

volatile solid

€

Euro

£

Pound sterling

°C

Degrees Celsius
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1.0 Introduction
The transport industry is the single largest energy sector in Ireland accounting for 42%
of the country’s Gross Final Consumption (GFC), in which, fossil fuels account for 97.3%
of the fuel types utilised in 2015 (SEAI, 2016a). The significant dependency of the
transport industry on fossil fuels is evidently a worrying trend in terms of security of
supply, Greenhouse Gas (GHG) emissions and environmental sustainability. When
examining the transport sector by mode of transport; road transport accounts for 66%
of the transport sector’s GFC which equates to 28% of Ireland’s GFC (SEAI, 2016a).

A technology of interest that can assist Ireland in reducing the road transport industry’s
dependency on fossil fuels is the production of biomethane from the Anaerobic
Digestion (AD) process. AD involves the biological conversion of raw degradable organic
material in an oxygen free environment to produce biogas; a composition of methane
(CH4), carbon dioxide (CO2) and other trace impurities. The CO2 is then removed through
a suitable cleaning process to form a renewable gas known as biomethane that has a
similar composition to natural gas. Compressed Natural Gas (CNG), although not
renewable, can also assist in reducing GHG emissions as it is a significantly cleaner and
less polluting fossil fuel than petrol or diesel; biomethane and CNG can also be blended
to form bio-CNG. There are over 19 million Natural Gas Vehicles (NGVs) in operation
globally utilising CNG, biomethane or bio-CNG. However, such potential is yet to be
realised in the Irish transport industry as biomethane did not contribute to Ireland’s
renewable GFC in 2015 (SEAI, 2016a).

In order to develop an effective renewable gaseous transport industry in Ireland this
thesis will:
-

Investigate the potential of biomethane as an energy source in Ireland;

-

Analyse utilisation pathways and the associated technical requirements in order
to introduce gaseous transport fuel to the market;

-

Examine the current infrastructure requirements to assist a gaseous transport
fuel industry;
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-

Derive an enhanced regulatory framework by proposing a number of strategic
policies in order to develop an effective gaseous transport fuel industry in
Ireland; and

-

Contribute to the development of the first demonstration project to inject
biomethane into the natural gas network in Ireland as an actual illustration of
what is technically viable and how technical, regulatory, safety and policy
frameworks are being developed to introduce a new form of renewable energy
into the road transport industry.

1.1

Drivers for research

The primary motivation for this body of research is to develop a strategic framework to
fully utilise the abundant resources and infrastructure available to produce and supply
biomethane as a transport fuel in Ireland. This strategic framework can assist in meeting
the country’s renewable energy and infrastructure targets by developing an indigenous
sustainable market which will significantly reduce the transport sector’s dependency on
fossil fuels and GHG emissions. The European Union (EU) Renewable Energy Source
Directive (2009/28/EC) mandates Ireland to achieve a minimum 10% share of renewable
energy sources in transport (RES-T) by 2020 (EU, 2009). Through the National Renewable
Energy Action Plan (NREAP), the Irish Government initially proposed to achieve the REST through biofuels and electric vehicles (EVs), accounting for 9% and 1%, respectively
(DCCAE, 2010).

In the latest NREAP Status Report submitted by the Irish Government to the EU in
December 2017, the country’s RES-T stood at 5.0% when applying weightings for double
certificates in accordance with the Directive (2009/28/EC) (DCCAE, 2017). There is a
considerable risk that Ireland will not achieve its RES-T target by 2020 without a
significantly accelerated effort; an additional 400 million litres of biofuels (174 million
litres in 2016) must be secured (primarily by imports) for blending with fossil fuels while
20,000 EVs must be in operation by 2020 (DCCAE, 2017). In terms of EV penetration,
such a target seems rather ambitious with only 983 new EVs licenced in Ireland from
2010 to 2015, of which private cars account for the vast majority of EVs licenced (CSO,
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2016). In 2016, the overall market stood at just over 2,000 EVs which is nearly 18,000
EVs short of the NREAP target to achieve the RES-T by 2020 (DCCAE, 2017).

Furthermore, the Irish natural gas network is nearing full maturity in terms of
development with alternative methods of gas utilisation required in order to continue
to grow and enhance competiveness in the natural gas market. The EU Alternative Fuels
Infrastructure Directive (2014/94/EU) also mandates Ireland to develop a national policy
framework (NPF) for the development of an alternative fuels transport industry. This
includes an appropriate number of CNG refuelling points in urban and suburban areas
by 2020 and along the Trans-European Transport Network (TEN-T) core network by 2025
(EU, 2014).

The development of a gaseous transport market produced by indigenous resources
could be a possible solution to the current renewable energy requirements and
infrastructure growth agenda in Ireland; by offering an alternative type of bio-energy
which can be harnessed through a world class natural gas network, thus increasing
security of supply, reducing dependency on fossil fuels and GHGs emissions and assisting
Ireland in meetings its renewable and infrastructure targets of 2020 and beyond.

1.2

Significant contribution to field of research

The novelty of this body of research is the derivation of a pathway to market for an
emerging renewable gaseous technology that has significant potential as a transport
fuel in Ireland. This research devises solutions to overcome the many commercial,
regulatory, policy and technical barriers while understanding their interdependencies
through the development of the first biomethane injection facility connecting to the
natural gas network in Ireland. This thesis takes a holistic approach of analysing
biomethane and CNG as an alternative type of transport fuel in the Irish market that has
not previously been undertaken. The research determines the key barriers obstructing
the development of a market for a proven alternative fuel technology that has abundant
feedstock resources, world class natural gas infrastructure, a government mandated to
significantly increase renewable energy and a transport industry with a heavy
association with fossil fuel consumption.
3
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Across the globe, there are numerous countries with vibrant gaseous transport fuel
industries, while in Ireland, there are numerous research publications promoting the
feedstock resources available, the production potential of biogas and subsequent
feasibility of biomethane as a transport fuel. For example, in 2010 it was estimated that
biomethane could technically displace 11.4% of Ireland’s GFC by 2020 assuming all
available feedstock types (surplus grass, slurry, slaughterhouse waste and Organic
Fraction of Municipal Solid Waste (OFMSW)) were utilised (BGÉ, 2010). However,
biomethane has yet to be injected into the Irish natural gas network or utilised as a
transport fuel illustrating that the critical link missing in research and current policy is
how this technology can be infiltrated into the natural gas network and subsequently
the road transport industry in Ireland in a strategic and cost-effective manner.

Through analysing the key components of this critical missing link between potential and
utilisation, this thesis aims to make a number of distinct contributions to further
knowledge in this research area by determining the best utilisation route to market for
the biomethane potential identified, addressing the technical and infrastructural
requirements and proposing an enhanced regulatory framework which aligns the key
components together to develop an effective gaseous transport fuel market. Finally, the
research completed in this thesis will be deployed to assist in introducing the first
biomethane injection demonstration project in Ireland.

1.3

Aims and objectives of this research

The overall aim of this body of research is to determine what policies are required to
strategically develop an effective renewable gaseous transport industry in Ireland by
analysing the following five sub-aim components:
-

Determine the production and utilisation potential of biomethane as a transport
fuel;

-

Find the optimum utilisation route to the market;

-

Propose the optimum infrastructural framework to facilitate market
development;
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-

Derive an enhanced regulatory framework that will allow gaseous transport fuel
to be strategically supplied to the market in an efficient and cost-effective
manner; and

-

Present the first biomethane injection demonstration project in Ireland through
effective technical, regulatory and safety frameworks for biomethane injection.

The five sub-aim components and their correlation with the chapters in this thesis are
highlighted in the schematic of the thesis structure as per the associated publication
plan in Figure 1.1. The primary research objectives of each of the five sub-aim
components are presented in greater detail as follows:
1. The feasibility of small to medium scale CHP anaerobic digestion from grass
silage in Ireland (Chapter 3):
-

Determine the technical and economic viability of the AD of grass silage
and slurry for combined heat and power (CHP) generation on a small to
medium scale in Ireland;

-

Analyse the environmental performance of the AD facility by calculating
the emissions produced by the facility (from sowing the grass to utilising
the energy from the CHP unit) versus the emissions saved by displacing
fossil fuels to produce the associated energy; and

-

Conduct sensitivity analysis to evaluate how changing parameters will
affect the net annual profits/losses of the AD facility.

2. Which is the preferable biogas utilisation technology for anaerobic digestion of
agricultural crops in Ireland: Biogas to CHP or biomethane as a transport fuel?
(Chapter 4):
-

Determine the optimum crop rotation for small to medium scale
agricultural AD in Ireland;

-

Evaluate biogas to CHP versus biomethane as a transport fuel on a
technical and economic basis to determine the optimum biogas
technology for the Irish market; and

-

Locate the optimum areas to develop biogas technology facilities in
Ireland and determine what degree of penetration the optimum

5

Policies required to encourage biomethane as a transport fuel

technology will have into its perspective market and associated RES-T
targets by 2020.

3. What are the technical requirements for improving the sustainability of the
natural gas network through the injection of renewable gas? (Chapter 5):
-

Examine the plausibility of injecting biomethane into the natural gas
network in Ireland; and

-

Highlight the key technical barriers and potential solutions in relation to
injecting biomethane into the natural gas network.

4. What policies should be implemented to develop a gaseous transport industry in
Ireland? (Chapter 6):
-

Determine what vehicle type is optimum to develop an effective
utilisation route to the transport market for bio-CNG in Ireland;

-

Analyse the commercial, technical and policy barriers which currently
hinder bio-CNG development and propose an array of strategic solutions
to resolve these issues; and

-

Devise a bio-CNG roadmap which focuses on the market penetration of
the optimum vehicle type, biomethane facility development and the REST contribution which can be applied to other countries with a similar
energy and resource profile to Ireland.

5. Introducing gaseous transport fuels to Ireland: A strategic infrastructure
framework (Chapter 7):
-

Review and compare European and Irish legislation associated with the
development of natural gas infrastructure to utilise bio-CNG as a
transport fuel in Ireland;

-

Identify criteria for the optimum placement of bio-CNG refuelling stations
in Ireland in order to satisfy an array of critical requirements for the
strategic development of an effective bio-CNG industry; and

-

Derive a strategic bio-CNG infrastructure framework for Ireland by
locating bio-CNG refuelling stations in areas as defined per the developed
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criteria which can be applied to other countries with a similar
infrastructure profile and bio-CNG requirements to Ireland.

6. Supplying bio-compressed natural gas to the transport industry in Ireland: is the
current regulatory framework facilitating or hindering development? (Chapter
8):
-

Review the current regulatory arrangements in practice globally while
paying particular attention to the EU in order to identify the appropriate
contractual agreements utilised to facilitate bio-CNG and enable market
development;

-

Examine Ireland’s current regulatory arrangements for the supply of bioCNG and compare the approach adopted versus current EU legislation
and countries with successful bio-CNG markets in operation; and

-

Develop an enhanced regulatory framework which facilitates the
strategic development of a bio-CNG market in Ireland for the supply of
bio-CNG (both privately and publicly) in a safe and cost-effective manner.

7. Renewable transport policy in Ireland: progress to date and what is required to
close the gap to reach the 2020 and 2030 renewable transport targets (Chapter
9):
-

Illustrate how bio-CNG as a transport fuel can impact the road transport
industry of Ireland, if an effective “production to supply” regulatory and
policy strategy is developed;

-

Present the first biomethane injection demonstration project in Ireland
as an illustration of what is technically viable and how it is currently
overcoming the many regulatory and policy challenges associated with
safely introducing a new form of renewable energy into the transport
market; and

-

Examine the feasibility and potential of bio-CNG to address the
highlighted policy and environmental challenges facing the transport
industry in Ireland and the part it can play in assisting to achieve the EU
renewable energy and climate change targets to 2020, 2030 and beyond.
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What policies are required to strategically develop an effective renewable gaseous
transport industry in Ireland?
Chapter by publication

Research aims

Biogas potential

Determines the optimum
biogas technology for Ireland
and its energy potential

Route to market

Identifies the most suitable
utilisation route to market for
bio-CNG as a transport fuel

Infrastructure
framework

Defines the key strategic
infrastructure criteria in order to
supply bio-CNG to the market

Regulatory
framework

Enhances legislation for bio-CNG
supply by devising a strategic
regulatory framework

Market
development

Developing the first biomethane
injection demonstration project
in Ireland

Chapter 3:
Publication in
European Biomass
Conference
proceedings (2010)
Chapter 4:
Publication in
Renewable Energy
(2012)

Chapter 5: Pipeline
Industry Guild
competition award
winner (2012)

• The feasibility of small to medium
scale CHP anaerobic digestion from
grass silage in Ireland
•Which is the preferable biogas
utilisation technology for anaerobic
digestion of agricultural crops in
Ireland: Biogas to CHP or biomethane
as a transport fuel?

• What are the technical requirements
for improving the sustainability of the
natural gas network through the
injection of renewable gas?

Chapter 6: Publication
in Environmental
Science & Policy
(2014)

•What policies should be implemented
to develop a gaseous transport
industry in Ireland?

Chapter 7:
Publication in
Renewable Energy
(2019)

•Introducing gaseous transport fuel to
Ireland: A strategic infrastructure
framework

Chapter 8:
Publication in Energy
(2017)

• Supplying bio-compressed natural gas
to the transport industry in Ireland: is
the current regulatory framework
facilitating or hindering development?

Chapter 9:
Article is under
review

• Renewable transport policy in
Ireland: progress to date and
what is required to close the
gap to reach the 2020 and
2030 renewable transport
targets

Optimum conditions for an effective renewable gaseous transport
fuel market in Ireland
Figure 1.1: Schematic of thesis structure
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1.4

Structure of thesis

This thesis consists of nine chapters and a schedule of references. A high-level summary
of each of the chapters is outlined as follows:

Chapter 1: provides an introduction to the thesis; the motivation, novelty and aims and
objectives of the research are presented.

Chapter 2: provides a detailed literature review relevant to the research question
including; a review of the AD process and its output (biomethane) potential as a
transport fuel, the relevant policy and legislation associated with its development and
utilisation, and the key stakeholders and significant resources available for development
in an Irish content.

Chapter 3: initially investigates the feasibility of biogas to CHP produced by grass silage
and slurry on a technical, economic and environmental basis. The conclusions of this
research led to the comparison of biogas to CHP and biomethane as a transport fuel.

Chapter 4: examines the potential of biogas to CHP and biomethane as a transport fuel
in Ireland and aims to determine the optimum technology solution and the impact its
introduction can have on the Irish market and associated renewable energy targets.

Chapter 5: investigates the plausibility of injecting biomethane into the natural gas
network in Ireland, highlighting the main technical requirements in order to facilitate
biomethane injection safely.

Chapter 6: determines the most suitable utilisation pathway to market for biomethane
as a transport fuel in Ireland, by identifying the key barriers associated with penetrating
the Irish transport industry and deriving potential solutions to these barriers.

Chapter 7: analyses the key requirements in order to develop a strategic infrastructure
framework in Ireland by defining the key criteria for the strategic placement of gaseous
transport distribution points along the Irish natural gas network.
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Chapter 8: critiques the current legislation associated with supplying gaseous transport
fuel in order to remedy the highlighting areas of ambiguity and inefficiency by deriving
an enhanced regulatory framework to allow gaseous transport market participants to
utilise the network effectively.
Chapter 9: proposes aligned strategic technical, regulatory, safety and policy solutions
associated with the injection of biomethane into the natural gas network through the
participation in the first biomethane injection demonstration project in Ireland, including
the potential impact a biomethane transport industry can make to 2030 renewable
energy targets and beyond if these solutions are deployed.

Chapter 10: presents the main conclusions and recommendations determined from this
thesis in order to satisfy the associated research question.

To conclude, a schedule of references is provided which is separated into individual
sections for each chapter in the thesis.

1.5

Publication plan

This thesis is presented in the form of publications that Daniel Goulding has published
over the last number of years in various scientific journals. The following publications
form the main chapters of this thesis as per the sequence outlined below. It is noted
that Daniel Goulding, as author of this thesis, is the primary author for each of the
publications listed. All relevant information is provided for each publication including:
journal name, journal information, publication details and names of co-authors. This
body of work is established on a research question developed by Daniel Goulding under
the guidance of Dr. Niamh Power; a co-author in each of the journal and international
conference publications. The key publications which make up this thesis are outlined as
follows:
1. “The feasibility of small to medium scale CHP anaerobic digestion from grass
silage in Ireland” (Chapter 3):
-

Conference of publish:

European Biomass Conference 2010

-

Date of conference:

3 – 7 May 2010
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-

Conference type:

International peer reviewed

-

Authors of paper:

Daniel Goulding, Niamh Power and Jerry Murphy

2. “Which is the preferable biogas utilisation technology for anaerobic digestion of
agricultural crops in Ireland: Biogas to CHP or biomethane as a transport fuel?”
(Chapter 4):
-

Journal of publish:

Renewable Energy

-

Date of publish:

12 December 2012

-

Journal volume:

53

-

Edition pages:

121 to 131

-

DOI reference code:

https://doi.org/10.1016/j.renene.2012.11.001

-

Authors of paper:

Daniel Goulding and Niamh Power

-

Journal impact factor:

4.900

-

5-year impact rating:

4.981

-

Citations:

30

3. “What are the technical requirements for improving the sustainability of the
natural gas network through the injection of renewable gas?” (Chapter 5):
-

Competition body:

The Pipeline Industry Guild & Engineers Ireland

-

Competition result:

Overall Winner

-

Competition year:

2012

-

Authors of paper:

Daniel Goulding

4. “What policies should be implemented to develop a gaseous transport industry
in Ireland?” (Chapter 6):
-

Journal of publish:

Environmental Science & Policy

-

Date of publish:

December 2014

-

Journal volume:

44

-

Edition pages:

215 to 225

-

DOI reference code:

https://doi.org/10.1016/j.envsci.2014.08.004

-

Authors of paper:

Daniel Goulding, Cathal Gallagher and Niamh
Power
11

Policies required to encourage biomethane as a transport fuel

-

Journal impact factor:

3.826

-

5-year impact factor:

4.209

-

Citations:

5

5. “Introducing gaseous transport fuel to Ireland: A strategic infrastructure
framework” (Chapter 7):
-

Journal of publish:

Renewable Energy

-

Date of publish:

4 January 2019

-

Journal volume:

136

-

Edition pages:

548 to 557

-

Authors of paper:

Daniel Goulding, Dan Fitzpatrick, Rodger
O’Connor, James Browne and Niamh Power

-

DOI reference code:

https://doi.org/10.1016/j.renene.2019.01.009

-

Journal impact factor:

4.900

-

5-year impact rating:

4.981

6. “Supplying bio-compressed natural gas to the transport industry in Ireland: is the
current regulatory framework facilitating or hindering development?” (Chapter
8):
-

Journal of publish:

Energy

-

Date of publish:

01 October 2017

-

Journal volume:

136

-

Edition pages:

80-89

-

DOI reference code:

https://doi.org/10.1016/j.energy.2016.08.037

-

Authors of paper:

Daniel Goulding, Dan Fitzpatrick, Rodger
O’Connor, James Browne and Niamh Power

-

Journal impact factor:

4.968

-

5-year impact factor:

5.582

-

Citations:

2
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7. “Renewable transport policy in Ireland: progress to date and what is required to
close the gap to reach the 2020 and 2030 renewable transport targets” (Chapter
9):
-

Paper status:

Under peer review

-

Authors of paper:

Daniel Goulding, James Browne and Niamh Power
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2.0 Literature review
2.1

Biofuels in transport

The EU defines ‘biofuels’ as liquid or gaseous fuel for transport produced from biomass
(EU, 2009a). The most common biofuels are bioethanol and biodiesel which are utilised
as a substitute for petrol and diesel, respectively. There are two main categories of
biofuels currently in production:
-

Conventional biofuels: typically produced from crops which can also be utilised
as a food source or feed. Also known as ‘first-generation biofuels’, examples of
conventional biofuels include sugarcane ethanol, starch-based or ‘corn’ ethanol,
biodiesel and Pure Plant Oil (PPO) (IEA, 2010). In order to produce conventional
biofuels, the feedstock types typically consist of sugars, starches, oil bearing
crops, and animal fat (IEA, 2010). Bioethanol (petrol substitute) is derived from
biomass (sugarcane, sugar beet, maize, wheat, etc.) through fermentation and
distillation, while biodiesel (diesel substitute) is derived from vegetable oils
(rape, soybean, palm oil, etc.) through transesterification (EU, 2015a).
Conventional biofuel production is a proven technology and is significantly
developed on a commercial scale throughout the EU; and

-

Advanced biofuels: typically produced from crops which cannot also be utilised
as a food source or feed. Also known as ‘second- or third-generation biofuels’,
examples of advanced biofuels include waste biomass, agricultural and forest
residues, cereal stalks, other dry plant matter, or crops grown especially for
fermentation into biofuels (algae, Miscanthus, etc.) (IEA, 2010). Advanced
biofuel production is very much at the early stages of development and has yet
to have a significant impact at a commercial scale.

2.1.1 EU biofuel industry
The production and utilisation of biofuels as a transport fuel has been in existence since
the late 19th century. The initiation of an ethanol industry in Brazil using sugarcane as a
feedstock and also in the United States of America (USA) using maize as a feedstock,
lead to significant commercial success in the 1970s (EU, 2015a). In the 2000s, global
biofuel production exploded mainly as a result of the introduction of various support
14
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policies, however, such increased production had little impact on the international
transport industry as a whole. The road transport sector in the EU is currently 95%
dependent on oil based fossil fuel which results in 20% of GHG emissions produced in
the EU (ePure, 2017).

2.1.2 EU biofuel legislation
Fuel Quality Directive (2009/30/EC):
The Fuel Quality Directive (2009/30/EC) was established by the EU in 2009 which revises
the initial Fuel Quality Directive (98/70/EC) in order to update a number of fuel
specifications for petrol, diesel and gas-oil supplied in the EU. Additionally, through
Article 7 of Directive (2009/30/EC), fuel suppliers are now required to reduce life cycle
GHG emissions by up to 6% per unit of road transport fuel energy supplied by 2020
(based on 2010 EU average for life cycle GHG emissions levels); to be achieved through
the utilisation of biofuels, alternative fuels and reductions in flaring from fuel production
processes (EU, 2009b). Article 7b of Directive (2009/30/EC) also instructs that the use of
such biofuels should meet defined sustainability criteria in order to contribute to GHG
emissions reduction. As the sustainability criteria is also applicable to the Renewable
Energy Directive (2009/28/EC), it is imperative that double reporting of the produced
sustainable energy is avoided (EU, 2009b).

Annex II of Directive (2009/30/EC) also provides a default life-cycle GHG emissions
saving value for biogas produced from municipal organic waste utilised as a transport
fuel of 73% versus fossil fuels, biogas produced from wet manure utilised as transport
fuel of 81% versus fossil fuels and biogas produced from dry manure utilised as CNG of
82% versus fossil fuels, assuming there are no net emissions from land use change (EU,
2009b).
Renewable Energy Directive:
The Renewable Energy Directive (2009/28/EC) was established by the EU in 2009 as an
overall policy mechanism for the production and promotion of energy from renewable
sources in the EU. Article 3 of Directive (2009/28/EC) mandates the EU to achieve 20%
of its total energy demand with renewable energy sources (RES) by 2020, including a
10% share of renewable energy sources for transport (RES-T) (EU, 2009a). Annex 1 of
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Directive (2009/28/EC) provides a mandatory individual RES target for each Member
State (MS) based on their associated 2005 RES performance in order to achieve the
communal EU RES target of 20% by 2020, i.e. Ireland has a RES target of 16% (3.1% RES
in 2005) while Sweden has a RES target of 49% (39.8% RES in 2005). Furthermore, Article
4 of Directive (2009/28/EC) mandates each individual MS to derive a National
Renewable Energy Action Plan (NREAP) which highlights its strategy to achieve its
individual RES target through the deployment of technologies utilising renewable energy
sources for electricity (RES-E), heating (RES-H) and cooling (RES-C). Each NREAP should
highlight the types of technologies, policy mechanisms and cooperation plans between
local, regional and national authorities, to achieve the legally binding individual RES
targets by 2020 (EU, 2009a).

The RES-T target of 10% is mandatory for each MS. Similarly, Article 4 of Directive
(2009/28/EC) mandates each individual MS to include a strategy in its NREAP to achieve
a 10% share in RES-T by 2020 (EU, 2009a). To date, Directive (2009/28/EC) has seen
significant progress with its RES contribution increasing from 10.4% to 17% from 2007
to 2015, respectively (EU, 2016a). The EU transport sector achieved a 6% RES-T
contribution in 2015 (EU, 2017a). In order to promote the utilisation of second
generation biofuels, Article 21 of Directive (2009/28/EC) states that the contribution
made (to the RES-T) by biofuels produced from wastes, residues, non-food cellulosic
material and ligno-cellulosic material shall be consider to be twice that made of other
biofuels (EU, 2009a).

Sustainability criteria:
The Fuel Quality Directive (2009/30/EC) and Renewable Energy Directive (2009/28/EC)
aim to ensure real carbon savings and biodiversity protection by defining a set of
sustainability criteria for the production and utilisation of biofuels for transport and
bioliquids for electricity and heating. Only biofuels and bioliquids that conform to the
derived sustainability criteria will contribute to national RES targets (EU, 2009a). In
terms of biofuel production, the Directives set out a number of conditions in order to
allow biofuels to count towards the RES-T and GHG emission reduction targets (EU,
2009a):
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-

Biofuels must reduce GHG emissions by 50% in 2017 and 60% in 2018 (new
facilities from 2015 onwards only) in comparison to fossil fuel emissions;

-

Raw feedstocks for the production of biofuels may not be obtained from land
which is deemed to have high biodiversity levels, i.e. high biodiverse grasslands
or primary forests; and

-

Biofuels cannot be produced from feedstocks utilising land that was previously
land with high carbon stock, i.e. converted forests or wetlands.

ILUC Directive (2015/15.13):
While biofuels are important in helping the EU meet its RES and GHG emissions targets,
the production of biofuels typically occurs on cropland which was previously used for
other agricultural requirements such as growing food or animal feed. Since these
agricultural requirements remain necessary, satisfying such needs leads to partial
displacement to non-cropland such as grasslands and forests; leading to a practice
known as Indirect Land Use Change (ILUC) (EU, 2017b). Since the introduction of
Directive (2009/30/EC) and Directive (2009/28/EC), there has been growing scrutiny and
evidence that pasture and/or agricultural land previously intended for food and feed
markets is being redirected to produce biofuels in order to achieve these Directives’
targets (EU, 2015b).

Based on a number of EU biofuel demand forecasts provided by each individual MS and
estimates of indirect land-use change emissions for different biofuel feedstocks, the EU
strongly believe that GHG emissions attributed to indirect land-use change are
significant, and thus could nullify a large portion or indeed all of the GHG emission
savings associated with the utilisation of individual biofuels. For example, since 2009 the
EU envisage that the majority of biofuel production in 2020 is anticipated to come from
crops grown on land that could be used to satisfy food and feed markets if appropriate
measures were not taken (EU, 2015b). Also, ILUC risks may negate the GHG savings that
result from increased biofuels production as the grasslands and forests typically utilised
absorb high levels of carbon dioxide (CO2); thus, changing such land types to cropland
for biofuel production may attribute to an increase in atmospheric CO 2 levels (EU,
2017b).
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Therefore, the EU introduced the ILUC Directive (2015/15.13) in 2015 in order to combat
indirect land use change for biofuels (and bioliquids) and reduce the associated
emissions with such change. Directive (2015/15.13) amends the current legislation on
biofuels – specifically the Directive (2009/30/EC) and Directive (2009/28/EC) by adding
the following requirements:
-

Only 7% of RES targets can be met with biofuels from crops grown on agricultural
land;

-

An indicative 0.5% target for advanced biofuels as a reference for national RES
targets which will be set by EU countries in 2017;

-

A harmonised list of feedstocks for biofuels which can contribute double to the
2020 target of 10% for RES-T; and

-

Biofuels produced in new installations (2015 onwards) must discharge at least
60% fewer GHG emissions than fossil fuels.

Revised Renewable Energy Directive:
In late 2016, the EU published an ambitious proposal to revise the current Renewable
Energy Directive (2009/28/EC) in order to initiate its strategy to renewable energy
beyond 2020. The new proposal will mandate the EU to achieve 27% of its total energy
demand with renewable energy sources by 2030. Again, this target is binding at EU level
and will be satisfied through individual MS contributions in order to deliver collectively
for the EU (EU, 2016a). Importantly, there is no additional specific sub-target for RES-T
and the proposed collective delivery of 27% will be achieved without preventing each
MS from setting their own, including more ambitious, national targets (EU, 2016a). In
terms of transport, the revised Directive identifies the key area of action to further
diversify and decarbonise the sector through the introduction of a mandate on transport
fuel suppliers to increase their share of low-carbon and renewable transport fuels in
energy terms from 1.5% in 2021 to 6.8% by 2030 (EU, 2016b). The proposal also
considers ILUC impacts by aiming to reduce the contribution of food-based biofuels from
7% of the EU RES-T target in 2021 to 3.8% in 2030 (EU, 2016b).
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2.1.3 Current RES-T performance
The RES-T performance of each MS in the EU from the latest available data is highlighted
in Figure 2.1; with the EU average reaching 6.7% in 2015 in comparison to 1.4% in 2004
(Eurostat, 2017). In the EU’s latest progress report on RES performance, it is stated that
the transport sector continues to show the slowest growth of renewables, with 0.5
percentage points increase on average per year from 2005-2014 and a marked
slowdown after 2011 (EC, 2017a). There is currently a significant likelihood that the EU
will not meet its 10% RES-T with only three countries after passing the 2020 target,
namely; Austria, Finland and Sweden. Conversely, there are 11 Member States (MSs)
that have failed to meet the half way target of 5% RES-T for 2020.

Figure 2.1: Share of energy in the EU from RES-T in 2015 (Eurostat, 2017)

Poor RES-T performance can be attributed to a number of factors. The main cause for
poor performance since the introduction of the Renewable Energy Directive
(2009/28/EC) is caused due to the regulatory uncertainty associated by the delay in
introducing policy to restrict the risks of indirect land-use change and the subsequent
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insufficient progress in the deployment of second generation biofuels – the ILUC
Directive (2015/15.13) is now in place to remedy this issue (EU, 2015c). The current
global investment climate also plays a restrictive role in renewable technology uptake
as such investment is characterised by high up-front costs. Political or regulatory
uncertainty creates an instable investment market which translates into higher costs of
capital and lower returns, making renewable energy more expensive for investors,
consumers and to society in general (EU, 2015d).

Individual MS underperformance can also be attributed to poorly planned government
support schemes which did not consider changing market developments, thus,
overpaying for renewable technologies whose upfront investment costs have reduced
over time and are still being over compensated for the energy they produce; this then
leads to unnecessarily increasing costs for consumers for the energy they procure (EU,
2015d). This has led to a number of MS governments significantly reducing national
support incentive schemes to the detriment of emerging renewable energy technologies
and constructed renewable facilities which heavily rely on financial supports (EU,
2015d). Therefore, a stable and strategic regulatory framework is required to provide
certainty to investors, the market and final consumers of renewable energy.

2.2

Biofuel types

There are a number of different biofuels available in the EU road transport industry with
varying degrees of development and market penetration. The four biofuel types
considered in this research for development in Ireland are bioethanol, biodiesel,
biomethane and hydrogen.

2.2.1 Bioethanol
Vehicles operating on bioethanol typically utilise fuel derived from starch or sugars and
is blended with petrol for utilisation in petrol engines (SMMT, 2006). The seven types of
bioethanol feedstock reported in Ireland in 2017 include: EC corn, non-EC corn, sugar
cane, sugar beet, wheat, triticale and whey permeate (BOS, 2017). In 2017, bioethanol
accounted for 26% of all biofuels sold in Ireland. However, as the volume of petrol
utilised in fuel stations continues to fall, so does the sale of bioethanol. Bioethanol
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accounted for 37% of all biofuel sales in 2016, equating to an 11% decrease in one year.
(BOS, 2017).

2.2.2 Biodiesel
Vehicles operating on biodiesel typically utilise fuel derived from plant oils and is
blended with diesel for utilisation in diesel engines (SMMT, 2006). The four types of
biodiesel feedstock reported in Ireland in 2017 include: tallow, used cooking oil, spent
bleached earth and palm oil mill effluent (BOS, 2017). In 2017, biodiesel accounted for
74% of all biofuels sold in Ireland with such sales expected to increase in line with the
trending increases in diesel utilisation (BOS, 2017).

2.2.3 Biomethane
Biomethane as a biofuel is produced through the anaerobic digestion process where
organic matter is converted into biogas energy in an oxygen free environment. Biogas
has a similar composition to natural gas; typically consisting of 55% methane, 45%
carbon dioxide and a number of trace impurities. When utilising biogas as a biofuel, it
must be upgraded through cleaning to biomethane with a methane content of +97%.
The biomethane can then fuel NGVs in a similar manner to a petrol internal combustion
engine. In Ireland, there are currently no vehicles operating on biomethane, however,
there are 12 commercial NGVs in operation on CNG in Ireland with this quantity
projected to increase significantly (c. 45,000 NGVs) over the next decade (DTTS, 2016;
NGVAE, 2016b). Such NGV potential can also be fuelled by renewable biomethane if
introduced effectively into the transport industry.

2.2.4 Hydrogen
The utilisation of hydrogen (and oxygen) to produce electricity in a fuel cell provides an
environmentally friendly alternative fuel to petrol or diesel utilised in a combustion
engine; as the only by-product being produced is clean water (Allen, 2016). The key
benefits of hydrogen as a road transport fuel include: high energy efficiency of fuel cell
technology, comparable driving performance to EVs, comparable vehicle range and
refuelling times to petrol vehicles and minimal production of greenhouse gas emissions
and air pollutants (Allen, 2016). However, a significant lack of refuelling infrastructure
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and commercially viable vehicles are some of the major barriers to hydrogen becoming
more broadly utilised as an alternative transport fuel (Pratt et al, 2017). In Ireland, there
are no hydrogen refuelling stations or hydrogen powered vehicles in operation.

2.2.5 Preferred biofuel type
In line with the Renewable Energy Directive, the Government of Ireland introduced the
Biofuel Obligation Scheme which places a mandatory biofuel obligation (8% in 2018) on
all oil companies and oil consumers (obligated parties) that make relevant disposals of
road transport fuels. This obligation will increase to 10% in 2019 and approximately 11%
in 2020 (BOS, 2017) and is the key strategy to achieving the RES-T by 2020. The
Government of Ireland’s strategy to meet this biofuel obligation scheme is through
bioethanol and biodiesel, with such fuel technology fully developed and the associated
policies and regulations in place to penetrate the market.

Conversely, hydrogen as a transport fuel is in a very early developmental phase in
Ireland and will not be sufficiently developed to assist in reaching RES-T targets to 2020
and 2030. The Government of Ireland’s current renewable transport policy does not
anticipate to deliver mass-market hydrogen uptake to 2030 due to the non-availability
and poor economics of refuelling infrastructure and associated vehicles (DTTS, 2016).
However, the Government of Ireland is willing to support hydrogen transport trials to
determine the feasibility of establishing a hydrogen refuelling network in Ireland once
the technology matures and becomes financially viable (DTTS, 2016).

Therefore, the focus of this research is directed to the effective development of
biomethane as a transport fuel through biogas production in the anaerobic digestion
process; where there are a number of facilities already producing biogas in Ireland.
Furthermore, initial development of a gaseous road transport industry is already
underway in Ireland through CNG and the associated utilisation of the natural gas
network. This research will now focus on examining biomethane as a transport fuel to
determine what policies are required to strategically develop an effective renewable
gaseous transport industry in Ireland.
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2.3

Anaerobic digestion

Anaerobic digestion follows a microbiology process which involves four main stages;
hydrolysis, acidogenesis, acetogenesis and methanogenesis. This process breaks down
raw organic material in an oxygen free environment to produce biogas (Appels et al,
2008). Bordelanne et al defines biogas as “the raw product of the biological process of
anaerobic fermentation. Biogas is a mixture consisting basically of methane (CH4) and
carbon dioxide (CO2)” (Bordelanne et al, 2011). In order to differentiate, Bordelanne et
al also defines biomethane as “the ‘natural gas’ quality gas obtained from purified
biogas. Biomethane is the biogas that has been purified to resemble natural gas (heating
value, composition)” (Bordelanne et al, 2011).

2.3.1 Microbiology process
Hydrolysis:
Appels et al describes the four main stages of the microbiological process (Appels et al,
2008). Hydrolysis is the first step of the anaerobic digestion process and deploys
Hydrolytic bacteria to break down insoluble organic waste and compounds with high
molecular weight into more soluble organic matter (Murphy 2003). This stage of the
process degrades complex molecules known as polymers (such as lipids, proteins and
nucleic acids) into monomers (such as amino acids and fatty acids) (Appels et al, 2008;
Murphy 2003).

Acidogenesis:
The second phase of the microbiological process is known as acidogenesis and uses
fermentative or acidogenic bacteria to further degrade the monomers produced in the
hydrolysis stage (Murphy, 2003). The acidogenic bacteria catalyse with the Hydrolytic
bacteria without becoming a reactant in the process to produce large amounts of
Volatile Fatty Acids (VFA) along with Hydrogen (H), CO2, alcohols and acetic acids (Appels
et al, 2008). However, excess H can inhibit the breakdown of the mixture.

Acetogenesis:
The third stage of the process is known as acetogenesis. Obligate proton reducing (OPR),
acetogenic bacteria produced in the acidogenesis stage operate in conjunction with the
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alcohols which act as a substrate (Murphy, 2003). These compounds are further digested
by acetogens to create mainly acetic acid and more CO2 and H (Appels et al, 2008). The
presence of H allows the conversion to operate efficiently as it ensures that there is a
low partial pressure in the mixture (Appels et al, 2008; Murphy, 2003).

Methanogenesis:
The final phase of the anaerobic digestion process is methanogenesis. This phase allows
methanogenic bacteria to produce CH4. CH4 is either produced from the combining of H
and CO2 or from the breakdown of acetic acid (Appels et al, 2008; Murphy, 2003). The
end product of the final phase is mainly CH4 (55%) and CO2 (45%).

2.3.2 Types of digestion
The type of digestion deployed to produce biogas is mainly dependant on the solids
content of the organic feedstock. The three range types of solid content include
(Monnet, 2003):
-

Low solid (LS) = which contains < 10% of Total Solid (TS);

-

Medium solid = 15-20% TS; and

-

High solid (HS) = 22-40% TS

Any digester which degenerates an organic feedstock with concentration of between
20–40% TS is known as a dry digester, while a digester that breaks down organic
feedstock with less than 20% TS is deemed to be a wet digester (Nizami & Murphy,
2010).

2.3.3 Digestion temperatures
The anaerobic digestion of organic matter can be conducted under two main
temperature ranges. These include (Monnet, 2003):
-

Mesophilic range = 20-45⁰C; and

-

Thermophilic range = 50-65⁰C

Mesophilic digestion has an optimum value of 35⁰C and should be kept relatively
constant to ensure a high gas yield. The digestion process can also be operated at higher
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temperatures in the thermophilic range. This has the advantage of faster digestion as
the increase in temperature leads to an increase in the reaction rate of the mixture. It
also improves solids reduction and ensures the destroying of harmful pathogens (Appels
et al, 2008). The higher the temperature is, the greater the sterilisation of the mixture
(Monnet, 2003). However, thermophilic digestion requires a far greater energy
requirement, releases more odours and needs significant stability analysis. The third
digestion temperature range is psychrophilic digestion and is a rather unknown form of
the anaerobic process and is rarely incorporated in biogas facilities, due to long
retention time and low biogas production rates.

2.3.4 Pre-treatment of feedstock
The adoption of a pre-treatment phase can ensure that slowly degrading organic matter
can be reduced to a biodegradable mixture with a low molecular weight by disrupting
the configuration of the cell walls (Appels et al, 2008). This ensures that the hydrolysis
process can be conducted at a faster rate. The pre-treatment of the feedstock mixture
prior to the anaerobic digestion process can provide a number of advantages, which
include (Appels et al, 2008; Monnet, 2003); reduction of retention time, ensuring a
higher biogas yield, efficient breakdown in the process by reducing feedstock particle
size, and removal of any non-biodegradable matter. Pre-treatment mechanisms
available include; thermal, mechanical and chemical treatments (Appels et al, 2008).
Cost implications for pre-treating anaerobic digestion feedstock can be high and must
be considered when developing a facility.

Mechanical pre-treatment:
There are several mechanical methods of breaking down the cell structures of organic
feedstock, in-turn reducing the particle sizes in the mixture (Appels et al, 2008; Monnet,
2003). Such methods include; hammer milling, the incorporation of a rotary drum,
internal particle collision and screening (Monnet, 2003).

Thermal pre-treatment:
The thermal pasteurisation of the feedstock is necessary for certain forms of feedstock.
The feedstock criterion for this type of pre-treatment is denoted in the Animal By-
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Productions Regulations. Wastes that are deemed to require thermal pasteurisation
must undergo either a thermophilic digestion process of a guaranteed temperature of
55°C for 24 hours or preheating of the feedstock at a temperature of 70°C for 60 minutes
if a mesophilic process is be deployed (Monnet, 2003).

Chemical pre-treatment:
The adoption of this type of treatment initialises a pre-hydrolysis of the feedstock by
disintegrating the cell wall structure. This gives a more soluble organic mixture which
the conventional hydrolysis process can degrade with greater ease. There are a number
of types of chemical pre-treatments which include; acid and alkaline hydrolysis which
requires a thermal input, oxidation treatment including ozonation and ultrasound
(Appels et al, 2008).

2.3.5 Digester design characteristics
One-stage digesters:
Nizami and Murphy offer an insight into the various process characteristics of digesters
(Nizami & Murphy, 2010). One-stage digesters allow the microbiological anaerobic
digestion process to operate in one single vessel and offer a simplistic, cost-efficient
method of producing biogas (Nizami & Murphy, 2010). One-stage digesters can be
designed for both low solid and high solid feedstocks.

Two-stage digesters:
Two-stage digesters differ from one-stage digesters as the microbiological anaerobic
digestion process is conducted in two separate reactors. The first reactor adopts the
hydrolytic and acidication stages of the process, while the second reactor implements
the acentogenesis and methanogenesis phases of the process (Nizami & Murphy, 2010).
Two-stage systems have the ability to optimise separate phases of the digestion process.

Batch and continuous digesters:
The batch digester operates on the principle of allowing one quantity of feedstock to
fully degenerate in the reactor for a certain period of time. The process either collects
the leachate at the bottom of the reactor and is re-circulated into the system or is
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inoculated with digestate from a different digester (Monnet, 2003; Nizami & Murphy,
2010). The reactor is then sealed until a thorough breakdown of the waste has taken
place. Conversely, continuous digesters, continuously load the digester with feedstock
as the digestion process occurs at a constant rate. The feedstock is either manually or
mechanically loaded on a regular basis (Nizami & Murphy, 2010).

2.4

Biogas technologies

Biogas produced through the anaerobic digestion process and can be utilised through a
number of different utilisation pathways; electricity production, heat production and as
a transport fuel. Figure 2.2 illustrates a typical end to end process map for the
production of biogas and its final utilisation through the appropriate biogas technology
(Patrizio, 2015). The type of technology utilised for produced biogas is typically governed
by the policies and frameworks adopted by individual countries in relation to tax
mechanisms, technology incentives and subsidies, energy portfolios and available
infrastructure (Persson & Wellinger, 2016).

Figure 2.2: Biogas utilisation process map (Patrizio, 2015)
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2.4.1 Biogas CHP utilisation
The utilisation of biogas as a heat and electricity source can be an attractive application
of the end product of an AD process. CHP systems provide greater economy and
efficiency as they produce two power outputs from one operation. One of the main
advantages of utilising biogas to CHP is that the gas does not require upgrading and can
be deployed in the system without modification after its production. The infrastructure
required to develop biogas to CHP is less complex than utilising biogas as a transport
fuel as the development is on a much smaller localised scale.

2.4.2 Biogas as a transport fuel
The utilisation of biogas as a transport fuel is becoming increasing popular around the
world. NGVs can also be operated on biogas provided that the biogas is upgraded to
biomethane with natural gas quality (Appels et al, 2008). Upgrading of biogas is
paramount when deploying it as a transport fuel as strict regulations and concentration
levels have been set to ensure that biogas is cleaned to a natural gas level. The level of
CH4 indicates the energy quality of the biogas. All the other components (primarily CO2)
detract from the energy quality of the biogas (Murphy, 2003).

The main reasons for upgrading biogas are to fulfil legal requirements regarding
cleanliness of the fuel, to eliminate engine damage and to ensure high energy quality
from the gas to achieve optimum performance of the vehicle (Appels et al, 2008). In an
Irish context, any gas entering the natural gas network must comply with Part G of the
Gas Networks Ireland (Network Operator) Code of Operations. Therefore, biomethane
must be upgraded when entering the natural gas network in order to meet the gas
quality specification highlighted in Table 2.1.
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Parameter
Total Sulphur
Oxygen
Carbon Dioxide
Hydrogen Sulphide
Water Content
Gross Calorific Value (Real Gross Dry)
Wobbe Index (Real Gross Dry)
Contaminants & Odour
Incomplete Combustion Factor
Delivery Temperature
Hydrogen
Soot Index
Organo Halides
Radioactivity
Ethane
Nitrogen
Hydrocarbon Dewpoint

Entry limit
< 50mg/m3 (including H2S)
< 0.2 mol%
< 2.5 mol% See Note 1 of CER/09/035
< 5mg/m3
< 50mg/m3
36.9 - 42.3 MJ/m3
47.2 – 51.41 MJ/m3
See Notes 2 and 3 of CER/09/035
< 0.48
1°C to 38°C
< 0.1 mol%
< 0.60
< 1.5 mg/m3
< 5 Becquerels/g
< 12 mol%
< 5 mol%
< - 2oC up to 85 barg

Note 1 The CO2 limit of 2.5% will not be considered breached if the total inerts (including CO 2) in the
gas is less than 8% where:
“inerts” in natural gas means carbon dioxide (CO2), nitrogen (N2), helium (He), argon (Ar), and oxygen
(O2).
Note 2 Natural Gas shall not contain solid liquid or gaseous material which may interfere with the
integrity or operation of pipes or any Natural Gas appliance which a consumer or transporter could
reasonably be expected to operate. With respect to Mist, Dust, Liquid, gas delivered shall be
technically free in accordance with BS3156 11.0 [1998].
Note 3 Natural Gas shall have no odour that might contravene the obligation of the Transporter to
transmit gas which possesses a distinctive and characteristic odour. Where the Transporter requires
gas to be odourised, the gas shall be odourised in accordance with the following specification:
- Odour intensity of 2 olfactory degrees on the SALES Scale (Ref-IGE/SR/16/1989), or
- Such other specification determined by the Transporter acting as an RPO.

Table 2.1: Appendix 1 of Part G of the Gas Networks Ireland Code of Operations –
Quality specification of natural gas at entry points to the network

2.4.3 Upgrading technologies
If biogas is to be utilised as biomethane then the removal of CO2, hydrogen sulphide
(H2S), water (H2O), oxygen (O2), nitrogen (N) and trace gases (halogenated hydrocarbon
and siloxane) is required. CO2 is the main calorific value reducer and must be fully
eliminated from the biogas (Murphy, 2003). Removal technologies have been devised
to fully clean biogas. These upgrading treatments are described as follows:
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CO2 removal:
Removing CO2 from biogas increases the energy value of the gas and sets a consistent
gas quality (Appels et al, 2008). There are a number of different methods of CO2 removal,
which include (IEA, 2001; Murphy, 2003; Appels et al, 2008):
-

Physical absorption techniques;

-

Chemical absorption techniques;

-

Pressure swing adsorption; and

-

Membrane separation.

The main type of physical absorption technique is water scrubbing. This technique
removes CO2 and also H2S (selective removal) as the two concentrations are both more
soluble than CH4 in HO2 (IEA, 2001). Chemical absorption is similar to water scrubbing.
However, instead of using water, a chemical solvent is incorporated in the process.
Polyethylene glycol (Selexol) can also be used as the scrubbing agent instead of water
(IEA, 2001). CO2 and H2S are more soluble in chemical solvents than in water which
ensures that less solvent is required and thus less pumping (IEA, 2001).

The removal of CO2 can also be accomplished by pressure swing adsorption which
incorporates activated carbon bed or molecular sieves which have efficiencies of
approximately 98% (Murphy, 2003; Appels et al, 2008). However, the costs of running
such a system are significantly higher than other forms of removal treatments due to
the high temperatures and pressures required (Appels et al, 2008). The dry biogas
(removal of water required) is fed under pressure into the beds (Appels et al, 2008).
They then become loaded with CO2. The beds are then depressurised and the CH4
enriched biogas is realised as an end product. The remaining CO 2 is collected through a
vacuum system (Murphy, 2003).

Membrane separation deploys membranes with differing permeabilities to extract
dissimilar components (Murphy, 2003). There are two main types of this treatment; high
pressure gas separation which has gas segments on either side of the membrane and
low-pressure liquid absorption separation which the membrane holds a liquid to absorb
the components transferring through the membrane (IEA, 2001).
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H2S removal:
H2S is always present in biogas and is a highly toxic component. As well as causing a
health hazard, H2S requires removal as it corrodes engines, compressors and storage
tanks. A number of the treatment methods (scrubbing, activated carbon, filter beds etc.)
can be used for H2S removal have similar characteristics to CO2 removal treatments (IEA,
2001). The desulphurisation process known as air dosing is a different yet common form
of removing H2S and has the added incentives of low investment and maintenance costs
(IEA, 2001). A special group of bacteria is produced when O2 (<5%) is added to the biogas
in a storage tank. Care has to be taken when adding O2 as CH4 is explosive in a 6–12%
range of air (IEA, 2001 / Murphy, 2003). A liquid manure wetted surface is needed to
allow the bacteria to function efficiently (Murphy, 2003). The bacteria performs
biological aerobic oxidation of the H2S, converting it to Sulphur (S). This type of
treatment removes 95% of H2S from biogas (IEA, 2001).

2.5

Natural gas vehicles

2.5.1 Compressed natural gas
Compressed natural gas (CNG) is the same form of gas found in natural gas networks
across the globe which is compressed to pressures of up to 200 bar to allow utilisation
in natural gas vehicles (NGVs). CNG is generated by compressing the conventional
natural gas (primarily methane) to less than 1% of its volume at standard atmospheric
pressure (Khan et al, 2015). CNG is universally regarded as a viable alternative to petrol
and diesel as a transport fuel because it offers many environmental and economic
benefits while having similar refuelling and performance characteristics, fuel filling times
and travel ranges (GNI, 2016c).

CNG as a transport fuel is well established across the globe and has experienced
significant penetration in transport fuel markets in various countries. There are a
number of benefits which CNG possesses in comparison to diesel and petrol as a
transport fuel:
-

It is cleaner: NGVs operating on CNG release between 20 and 30% less CO 2 then
conventional diesel and petrol vehicles (Bordelanne et al, 2011). In terms of air
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quality, NGVs operating on CNG also release 70% less nitrogen oxide (NO2), 80%
less sulphur dioxide (SO2) and 99% particulate matter (PM) (GNI, 2016c);
-

It is cheaper: CNG is typically 17% to 35% cheaper than diesel and petrol in
Ireland assuming the same travel range and driving conditions (GNI, 2016c); and

-

It provides diversity: CNG can greatly reduce the over dependence on diesel and
petrol in transport, increasing the diversification of fuel supply sources and
enhancing security of supply (Bordelanne et al, 2011).

To complement CNG, biomethane can also be compressed and utilised as a transport
fuel and has the significant advantage of being renewable. Biomethane as a transport
fuel is typically distributed through (1) a dedicated biomethane refuelling station
(supplies biomethane only) which is either connected to a nearby AD facility or receives
biomethane in high pressure tankers via truck, or (2) a CNG refuelling station which is
connected to the natural gas network; the biomethane is blended with the natural gas
to form bio-CNG (EBA, 2016). It is important to note that it is not possible to differentiate
between natural gas and biomethane once injected into the natural gas network (EBA,
2016). From a CO2 emissions savings perspective, there are significant gains to be made
by blending biomethane with CNG as a transport fuel. From a well to wheel basis, CNG,
bio-CNG (20% biomethane blend) and pure biomethane as transport fuel can reduce
CO2 emissions by up to 24%, 39% and 97% in comparison to petrol, respectively (NGVAE,
2015).

2.5.2 NGV technology
NGV engine technology is comparable to petrol and diesel engine technology
operationally. Typically at the refuelling station, natural gas is compressed to 200bar and
pumped into the NGVs high-pressure storage cylinders via a CNG dispenser. The CNG is
then transferred to the engine via a high-pressure fuel line, where a regulator reduces
the pressure of the CNG to the engine’s fuel management system operating pressure
(GNI, 2016c). The CNG solenoid value then transfers the CNG to the fuel injectors (or
carburettor), mixes with air and finally enters the engine’s combustion chambers to
propel the NGV (GNI, 2016c). There are three main types of engines utilised in NGVs,
namely:
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-

Dedicated CNG engines: are in NGVs that operate on CNG (or biomethane) only.
Such engines have the benefit of being optimised to operate on CNG only, thus
achieving maximum performance in terms of efficiency and emissions reduction
(GNI, 2016c);

-

Bi-fuel CNG engines: are in NGVs which operate primarily on CNG (or
biomethane) or petrol at any one instance (Khan et al, 2015). Initially, petrol is
utilised to preheat the engine and once hot, CNG is utilised for the remainder of
the journey until such time that a switch to operating on petrol is required i.e.
when the CNG fuel tank is empty (GNI, 2016c); and

-

Dual-fuel engines: are in NGVs which operate on diesel only or a blended mixture
of CNG and diesel, with the CNG/air mixture ignited by a diesel “pilot” (Khan et
al, 2015). Diesel is injected directly into the combustion chamber, while the CNG
is introduced into the air intake by carburation or by gas injection (GNI, 2016c).

2.5.3 NGV applications
CNG as a transport fuel has the ability to influence all the main sectors of the road
transport industry including cars, vans, buses and trucks; for both private and public
utilisation; as opposed to electric vehicles (EVs) which tend to be limited to passenger
cars at present. Globally, various NGV manufacturers have numerous proven models of
dedicated, bi-fuel and dual-fuel NGVs. As can be seen from Table 2.2, a significant
number of leading vehicle manufacturers also manufacture CNG versions of their most
popular selling vehicles. There is also a significant market for retrofitting petrol and
diesel engines with CNG capability (Khan et al, 2015). The conversion of spark-ignition
engines typically involves the modification of the engine to a bi-fuel system where the
converted NGV can switch from CNG to petrol and vice versa as required (Paul et al,
2013). The conversion of compression-ignition engines typically involves the
modification of the engine to a dual fuel system where the engine operates on a blend
of CNG and diesel but auto-ignited via diesel only (Paul et al, 2013).
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Maximum output
kW (hp)

CNG tank
size
(kg)

CNG
consumption
kg/100km

Reserve
fuel

Passenger Cars
Audi A4 Avant g-tron
Fiat 500 L Natural Power
Skoda Octavia Combi G-TEC

125 (170)
59 (80)
81 (110)

19
14
15

4
3.9
3.5

petrol
petrol
petrol

Light Commercial Vans
Volkswagen Caddy Panel Maxi TGI
Opel Combo Cargo 1.4 CNG Turbo
Fiat Ducato Panorama

81 (110)
88 (120)
100 (136)

36
22
36

4.3
4.9
8.6

petrol
petrol
petrol

Trucks
Renault D Wide CNG
Mercedes-Benz Econic NGT
Scania P/G 280/340 CNG

235 (320)
222 (302)
205 (280) / 250 (340)

90-120
90-105
230

~
~
~

~
~
~

Buses
Iveco Bus Urbanway CNG
Mercedes Citaro (G) NGT
Scania Interlink LD CNG

213-243 (290-330)
222 (302)
206 (280) or 235 (320)

200-230
160-320
200

~
~
~

~
~
~

NGV Type

Table 2.2: NGV models currently available by road transport application (NGVAE,
2016a)

2.5.4 CNG refuelling infrastructure
CNG refuelling technology is now well developed with over 31,000 refuelling points
across the globe (NGVG, 2018). The majority of CNG refuelling stations have a
connection to a natural gas network which is typically operating at a low pressure unless
the station configuration requires a high pressure connection to the network (GNI,
2016c). In the absence of permanent natural gas pipeline infrastructure, a virtual
pipeline may be deployed to provide CNG to a refuelling station which is not in close
proximity to the natural gas network. A virtual pipeline is defined as “the supply chain
transporting natural gas to final consumers in the form of CNG, using road and/or sea
means of transportation such as trucks, vessels and rail” (ACER, 2014). A virtual pipeline
supplying a CNG station operates by compressing natural gas taken from a terminal
connected to the natural gas network, transporting the CNG via trucks loaded with high
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pressure CNG containers and unloading the containers at the CNG refuelling station for
distribution to NGVs.

2.5.5 CNG refuelling technology
There are three types of CNG refuelling stations where it is possible to refuel NGVs on a
regular basis:
-

Private refuelling stations: are typically owned by a private customer which will
refuel the private fleet of NGVs owned by the customer (GNI, 2016c). Such
refuelling systems can be shared between an array of fleet customers through a
suitable contract and fuel card system;

-

Public refuelling stations: are typically owned by a transport fuel supplier and are
located on an existing fuel forecourt where anyone with a NGV may refuel
without the requirement for a contract to be in place (GNI, 2016c); and

-

Home refuelling points: are typically located in a NGV owner’s house where the
refuelling unit is connected to the house’s natural gas supply. The unit
compresses the natural gas to CNG to refuel the NGV via a dispenser overnight
(Reuters, 2013).

There are two main types of CNG refuelling patterns utilised in CNG refuelling stations:
fast-fill and slow-fill. The main fundamental difference being the amount of storage
capacity and the size of the compressor is significantly smaller for slow-fill systems
(USDOE, 2017). Fast-fill systems have the ability to refuel NGVs in a matter of minutes
while slow-fill systems refuel NGVs over a number of hours. The equipment utilised in a
CNG refuelling station is configured based on the refuelling patterns of the NGVs utilising
the station for refuelling.

The main components of a CNG refuelling station are highlighted in Figures 2.3 & 2.4
and include (DNGI, 2017; GTI, 2013): (1) a dryer – to remove the access moisture from
the natural gas to make it serviceable for fuelling NGVs (2) a filter – are standard in many
CNG refuelling stations in order to remove any pipe scale or foreign matter from the
system (3) a compressor – the dried filtered natural gas is now pressurised to the correct
system pressure by the compressor (4) a priority distribution panel – using computerised
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signals, this panel determines whether the CNG is transferred directly to the NGV or is
placed into the storage tanks based on the pressure in the system and the NGV tank to
ensure a full tank is provided (5) storage tanks – store CNG in banks of store cylinders at
high, medium and low pressures for quick utilisation to ensure fast fill NGV refuelling
often through multiple dispensers and (6) a dispenser – similar to petrol and diesel
dispensers, a CNG dispenser includes a meter, hose and nozzle to deliver CNG safely to
the NGV. CNG dispensers come in a variety of models and are designed based on the
refuelling stations configuration and refuelling requirements. There are four
predominant configurations for CNG refuelling stations utilised in the transport industry
globally:
-

Cascade fast-fill: primarily utilise the systems refuelling tanks to ensure CNG is
available for quick refuelling at varying times during the day. Such a configuration
is suitable for refuelling commercial fleets and public refuelling stations (DNGI,
2017);

Figure 2.3: Typical fast-fill CNG refuelling station configuration (GTI, 2013)

-

Buffer fast-fill: require less storage capacity then cascade fast-fill as the CNG is
mostly transferred directly from the compressor to the dispenser. Such a
configuration is suitable for high fuel use NGVs which require continuous
immediate refuelling such as taxi and bus fleets providing a continuous service
(DNGI, 2017);
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-

Slow-Fill: is a cheaper alternative to fast-fill options as less compression and
storage is required. Figure 2.4 illustrates the simplicity of a slow-fill configuration
in comparison to a fast-fill configuration in Figure 2.3. Such a configuration is
suitable for school bus and refuse truck fleets who do not require rapid refuelling
and whose refuelling patterns occur over an extended period of time in a
centralised location (DNGI, 2017); and

Figure 2.4: Typical slow-fill CNG refuelling station configuration (GTI, 2013)

-

Combination-Fill: provides maximum flexibility for fleet operators as its
configuration utilises both slow-fill and fast-fill technology in order to suit the
required refuelling patterns of the fleet at a particular point in time (DNGI, 2017).

2.6

The bio-CNG road transport industry

2.6.1 Global bio-CNG industry
Over the last 20 years there has been significant growth in the utilisation of bio-CNG as
a transport fuel with NGV penetration worldwide rising from 850,000 NGVs in 1996 to
over 26.1 million NGVs in 2018 (NGVG, 2018). The 10 leading countries for NGV
utilisation are illustrated in Table 2.3. In regions such as South America and Asia, NGVs
are recognised as an important alternative to conventional fossil fuel vehicles and are
primarily utilised in order to reduce GHG emissions and also to reduce monetary deficits
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by utilising indigenous gaseous fuel as a replacement for imported gasoline and diesel
(Engerer & Horn, 2010).

Rank

Country

NGV population

NGVs as % of
total vehicle
population in
the country
(%)

1

China

6,080,000

3.7

23.2

2

Iran

4,502,000

31.9

17.2

3

India

3,090,139

3.1

11.8

4

Pakistan

3,000,000

14.0

11.5

5

Argentina

2,185,000

9.4

8.4

6

Brazil

1,859,300

2.3

7.1

7

Italy

1,004,982

2.0

3.8

8

Uzbekistan

815,000

40.7

3.1

9

Colombia

571,668

4.6

2.2

10

Thailand

474,486

1.5

1.8

% of all NGVs
in the world
(%)

Table 2.3: Top ten countries worldwide by NGV numbers in 2018 (NGVG, 2018)

2.6.2 EU bio-CNG industry
The EU aims to reduce their transport industry’s dependency on oil based fossil fuels by
increasing its share in alternative fuels such as CNG and biomethane. As NGVs are a
proven technology, they are seen as the quickest and most economical way to reduce
GHGs in the EU transport industry (NGVAE, 2014). In 2000, there were 360,000 NGVs in
operation in the EU (Callanan & Foley, 2011). In 2015, there was a total of over 1.25
million NGV vehicles in operation in the EU being refuelled with 1.7 billion m 3 of CNG
(and biomethane) by over 5,200 CNG refuelling stations (NGVAE, 2016b). This
represents steady growth since 2000, however, still only accounts for 0.5% of the total
road transport fleet in the EU.
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The EU state that there are three key barriers to significant alternative fuel penetration:
“the high cost of vehicles, a low level of consumer acceptance, and the lack of recharging
and refuelling stations” (EU, 2013). The EU acknowledge that customers will not
purchase NGVs (and other alternative fuel vehicles) until such time that there is enough
refuelling stations available with easy access (EU, 2013). In order to overcome these
barriers and to grow the NGV industry, the EU have derived a strategy to ensure the
development of alternative refuelling stations across the EU through the Clean Power
for Transport Package, including its main legislative tool, the Alternative Fuels
Infrastructure Directive (2014/94/EU).

2.6.3 EU bio-CNG legislation
Alternative Fuels Infrastructure Directive (2014/94/EU):
The Alternative Fuels Infrastructure Directive (2014/94/EU) was introduced in 2014 in
order to increase emphasis on the over reliance the EU has on fossil fuel consumption
in the transport sector. The key objective of Directive (2014/94/EU) is to introduce
‘alternative fuels’ to the market in which alternative fuels are defined as fuels or power
sources which serve, at least partly, as a substitute for fossil oil sources in the energy
supply to transport and which have the potential to contribute to its decarbonisation and
enhance the environmental performance of the transport sector (EU, 2014). Directive
(2014/94/EU) provides as list of applicable alternative fuels as follows:
-

Electricity;

-

Hydrogen;

-

Biofuels;

-

Synthetic and paraffinic fuels;

-

CNG, including biomethane;

-

Liquefied natural gas (LNG); and

-

Liquefied petroleum gas (LPG).

In order to achieve this key objective, Directive (2014/94/EU) sets individual
infrastructure deployment targets for each alternative fuel type through Article 3 which
requires each MS to develop national policy frameworks (NPFs) for the market
development of alternative fuels and their infrastructure for submission to the EU in
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2016 (EU, 2014). In relation to supply of CNG (and biomethane) in transport, there are
two deployment targets mandated in Article 3 of Directive (2014/94/EU):
-

An appropriate number of refuelling points for CNG (and biomethane) in the
urban/suburban and other densely populated areas of the individual MS by
2020; and

-

An appropriate number of refuelling points for CNG (and biomethane) along
each MS’s TEN-T core network by 2025.

Trans-European Transport Network:
The EU has introduced a new transport infrastructure policy to introduce a transEuropean Transport Network (TEN-T) which aims to connect all MSs through one
communal transport network by; closing the gaps between MS’s transport networks,
eliminating bottlenecks that hinder the effective functioning of the internal market and
overcoming associated technical barriers (EU, 2017c).

The associated EU Transport Policy Regulation (EU) No 1315/2013 aims to develop Core
Network Corridors which are designed to ‘provide the essential infrastructure for
carrying freight and passenger traffic at high efficiency and with low emissions, making
extensive use of more efficient transport modes in multimodal combinations’ (EC, 2013).
The TEN-T Guidelines define a dual layer approach for each MS in order to employ these
Core Network Corridors by the end of 2030. The ‘Core Network’ aims to efficiently
enable trans-national traffic and long-distance flows for both freight and passengers
while the ‘Comprehensive Network’ aims to ensure accessibility of all regions of each
MS in the EU (EC, 2013). This TEN-T project is budgeted at €24.05 billion up to 2020 (EU,
2017c).

Clean Vehicles Directive (2009/33/EC):
The Clean Vehicles Directive (2009/33/EC) aims to promote the purchasing and
utilisation of environmentally friendly and energy efficient road transport vehicle in the
EU through the application of public procurement as a powerful market tool for the
introduction of new technologies for road transport (EU, 2009c). Article 5 of Directive
(2009/33/EC) mandates that energy and environmental impacts linked to the operation
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of vehicles over their whole lifetime are taken into account in purchase decisions;
including at least energy consumption, CO2 emissions and emissions of the regulated
pollutants of NOx, NMHC and particulate matter (EU, 2009d). Article 6 of Directive
(2009/33/EC) sets out the methodology for the calculation of the associated operational
lifetime costs (EU, 2009d). The consideration of lifetime operational and environmental
costs into new vehicle procurements internalises the associated external risks and costs,
thus, improving the contribution of the road transport sector to the environment and
EU by reducing energy consumption and GHG emissions (EU, 2009c).

2.6.4 EU bio-CNG market penetration
With significant experience in the utilisation of bio-CNG as a transport fuel, Italy is the
market leader in the NGV industry, with 967,000 NGVs in operation in 2015. Such
development can be attributed to an active engine retrofit conversion industry as well
as a significant number of new production-line NGVs from vehicle manufacturers such
as Fiat (Callanan & Foley, 2011). Germany also have seen a significant increase in NGV
activity with over 97,000 NGVs in operation in 2015. Vehicle manufacturers Volkswagen
and Audi have increased their NGV offerings by adding CNG versions of their best selling
vehicles to the production line in recent years (Le Fevre, 2014).

The full data breakdown of NGVs in operation in 2015 by type is provided in Table 2.4 as
collected by NGVA Europe (NGVAE, 2016b). There are four main NGV categories under
consideration as per the EU Vehicle Classification which is mandatory for each MS
registering new vehicles (NGVAE, 2016b / RITC, 2017):
-

Passenger vehicles and Light Commercial Vehicles (LCVs):
-

M1 - Passenger vehicles - i.e. saloon, hatchback, etc.

-

N1 - Commercial vehicles designed to carry goods under or equal to 3.5
tonnes in weight.

-

Medium duty (MD) and heavy duty (HD) buses:
-

M2 - Passenger vehicles with a minimum of 10 seats including the driver’s
seat and under 5 tonnes in weight i.e. mini bus.

-

M3 - Passenger vehicles with a minimum of 10 seats including the driver’s
seat and over 5 tonnes in weight i.e. large bus.
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-

MD and HD trucks:
-

N2 - Commercial vehicles designed to carry goods over 3.5 tonnes and
under 12 tonnes in weight i.e. small truck.

-

N3 - Commercial vehicles designed to carry goods over 12 tonnes in
weight i.e. large truck.

-

Other vehicles i.e. forklifts, tractors, etc.

NGVs by type
Total NGVs
Austria
Belgium
Bulgaria
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland*
Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden
UK
EU-28

9,037
2,665
67,790
317
12,000
268
485
2,223
13,740
97,931
1,707
5,813
12
967,000
29
323
306
11,450
3,600
500
420
1,839
179
5,056
53,451
760
1,258,889

Passenger
vehicles /
LCVs
8,800
2,615
67,200
202
10,750
153
400
2,100
9,000
95,862
1,000
5,500
6
963,000
29
80
266
10,321
3,050
100
400
1,534
118
1,709
50,237
20
1,234,446

MD / HD
Buses

MD / HD
Trucks

Other

186
520
100
820
60
25
2,720
1,426
600
238
1,840
241
39
650
400
320
20
271
56
1,652
2,400
40
14,624

49
50
70
3
130
81
25
75
1,400
100
107
75
6
2,160
2
1
479
50
80
34
5
1,695
814
700
8,185

2
12
300
34
23
620
543
100
1,634

* Note this 2016 data from GNI

Table 2.4: Number of NGVs by type in the EU in 2015 (derived from NGVAE, 2016b)

In terms of CNG refuelling stations, the number of refuelling points generally correlates
with the number of NGVs in each MS as highlighted in Table 2.5 (NGVAE, 2016b). The
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more refuelling stations available, the greater the number of NGVs in operation as CNG
is more accessible. Again, Italy takes the industry lead in CNG refuelling station
development with 1,137 stations in operation in 2015, followed by Germany with 983
stations and Sweden with 223 stations. At the opposite end of the spectrum, Malta and
Cyprus do not have any CNG refuelling stations in operation which can be attributed
mainly to the lack of natural gas pipeline infrastructure. It is evident from Table 2.5 that
the majority of MSs have focussed on the development of public CNG refuelling stations,
with the exception on France who have approximately three times more private than
public CNG refuelling stations.

Austria
Belgium
Bulgaria
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden
UK
EU-28

CNG refuelling stations by type
Total
Public
Private
178
173
5
47
45
2
107
105
2
5
2
3
142
108
34
14
13
1
5
5
27
24
3
192
42
150
983
913
70
10
10
23
8
15
2
0
2
1,137
1,092
45
3
2
1
9
3
6
7
7
160
145
15
30
26
4
9
5
4
1
1
10
10
3
3
27
27
223
163
60
12
4
8
3,364
2,936
428

Table 2.5: Number of CNG refuelling stations by type in the EU in 2015 (derived from
NGVAE, 2016b)
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2.6.5 Bio-CNG success stories
Italy:
The utilisation of CNG as a transport fuel can be dated back to the 1930s (Engerer &
Horn, 2010). Italy currently has the highest performing NGV industry in the EU with
967,000 NGVs and 1,137 bio-CNG refuelling stations in operation in 2015, accounting
for 77% of the EU’s NGV fleet (NGVAE, 2016b). In terms of new car sales, NGVs held 5.3%
of the total passenger car market in 2015 (NGVJ, 2015). The NGV industry in Italy began
to expand with the retrofitting of passenger cars and the addition of small scale CNG
refuelling points to the natural gas network In the 1970s and 1980s, followed by the
availability of LCV CNG conversions in the 1990s (NGVJ, 2015).

The 2000s witnessed a significant explosion of the NGV industry in Italy due to the
systematic promotion of CNG as a transport fuel. There are a number of key reasons for
this industry expansion which was led by the Italian Government’s CNG policy
framework, including: a contract agreement with the vehicle manufacturer Fiat to
increase the production of NGVs on its production line, an agreement with the transport
industry to include CNG refuelling points in their refilling stations in cities with
populations of over 150,000 people, a government funded subsidy of €1,500 for the
purchase of new NGVs, subsidies for retrofitting second-hand vehicles and also tax relief
for CNG as a transport fuel (CAR, 2010 / NGVJ, 2015). Overall, there was up to €3,500
government funded support for a NGVs until the end of 2009, leading to the purchasing
of 116,000 NGVs in that year (CAR, 2010). Subsequently, the number of NGVs in Italy
has risen by 68% from 2008 to 2015 while the number of CNG refuelling stations has
almost doubled (NGVJ, 2015). In 2016, the Italian Government opened its latest scheme
of support incentives to encourage owners of passenger cars and LCVs to convert their
vehicles to CNG engines; amounting to €1.8 million of funding in total (NGVAE, 2016c).

When utilising agricultural residues, Italy is the third largest generator of biogas in the
world, behind China and Germany (Patrizio, 2015). The Italian Government is also
committed to supporting the production and utilisation of biomethane as a transport
fuel and have subsidies in place for the injection of biomethane into the natural gas
network since 2013 with a Feed in Tariff (FIT) of €150/MWh available in 2015 (EBA,
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2016). In 2014 there were 1,391 AD facilities in operation in Italy, five of which were
injecting into the natural gas network (EBA, 2016). With an abundance of biogas
production potential, a significant mature natural gas network and government support;
the injection of biomethane into the network and subsequent utilisation as a transport
fuel has tangible potential in Italy.
Germany:
With 983 CNG refuelling stations in operation in 2015 fuelling over 97,000 NGVs,
Germany ranks second in the EU, after Italy, in terms of CNG refuelling points and NGV
penetration (NGVAE, 2016b). The Germany government aim to increase the number of
stations to 2,000 by 2025 with vehicle manufacturers and the natural gas industry also
declaring their intent to increase NGVs to 1,000,000 for the domestic transport market
by 2025 (NGVAE, 2017). The development of the German NGV market has been rapid
over the last decade. In 2010, the German Government mandated the German Energy
Agency, DENA, to coordinate the new “Initiative for Natural-Gas-Based Mobility” in
order to develop a vibrant NGV industry by 2020 while removing constraints and market
barriers (Le Fevre, 2014). This initiative continues to deliver with the number of new
NGVs offered in 2014 doubling from 2012 (Gazeo, 2014).

Biomethane also plays an important role in the German transport industry and is
currently providing 3% of all transport fuel in the road sector (EBA, 2016). There were
178 biomethane facilities in operation in 2015, 165 of which are injecting biomethane
into the natural gas network (EBA, 2016). Of the 983 NGV refuelling stations in operation
in 2015, Germany had 165 dedicated biomethane refuelling stations and another 143
offering bio-CNG blends (NGVAE, 2016b / EBA, 2016).

The key policy driver for the development of CNG and biomethane as a transport fuel in
Germany has been the Renewable Energy Sources Act (EEG) which offers FITs for biogas
production and upgrading. The value of the FIT is dependent on a number of variables
such as the type of feedstock used, the size of the facility and the type of technology
utilised, with additional payments provided for biomethane upgrading (Urban, 2013).
Other policy mechanisms deployed in Germany include lower energy tax for CNG and
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biomethane utilised in NGVs and the availability of capital grant of up to €250,000 for
new biomethane facility developers (Urban, 2013).

Sweden:
AD facilities have been in operation in Sweden since the energy crisis of the 1970s,
initially utilised in sewage treatment plants (Held et al, 2008). The 1980s saw the
development of numerous more plants utilising landfill waste, while in the mid-1990s
feedstocks such as food wastes from households, restaurants and industry became
popular (Held et al, 2008). In 2016, Sweden had over 270 AD facilities in operation and
was the second largest biomethane producer in the EU with 59 upgrading facilities in
operation (EBA, 2016).

The Swedish Government took a very aggressive approach to renewable energy policy
aiming to produce 50% RES by 2020; this target was achieved in 2014 (IEA, 2014).
Furthermore, the Swedish Government’s enduring vision is to have a transportation
sector fuelled only by renewables by 2050 (IEA, 2014). The utilisation of gaseous
transport fuel has grown steadily over the last 15 years and Sweden is now a pioneer of
biomethane utilisation as a transport fuel. In fact, biomethane utilised in NGVs
accounted for 73% of all gaseous transport fuel for the first six months of 2015 (EBA,
2015). The NGV market for buses and HD trucks is experiencing significant growth
presently, as well as several new passenger car models of NGVs leaving the production
line from vehicle manufacturers like Volvo (EBA, 2015).

In 2015, there were 223 bio-CNG refuelling stations fuelling over 53,000 NGVs with 50
of these refuelling stations only selling biomethane to NGV customers (NGVAE, 2016b /
Le Fevre, 2014). Sweden do not use FITs for biomethane production, instead deploying
other support systems in order to increase the utilisation of biomethane and CNG as
transport fuel (IEA, 2014). Such support systems include; tax exemption for biomethane
until 2020, 40% tax reduction when companies deploy NGVs which applies until 2019,
vehicle tax exemptions for “greener cars” such as NGVs for the first five years and
investment grants for new biogas technologies (SGA, 2016).
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UK:
In the 1990s, the utilisation of CNG was a developing industry with refuelling stations
and an active NGV conversion programme in operation (Brown & Judd, 2012). However,
the prominence of an NGV industry began to falter due to the lack of original
manufacturer NGVs available for the UK market, the presence of wet natural gas in the
network causing refuelling issues and lack of government tax incentives for CNG (Brown
& Judd, 2012; Kirk, et al, 2014). The industry continued to operate in a dormant state
with a small number of private fleet companies utilising CNG as a transport fuel. In the
early 2010s, the resurgence of the UK CNG industry began for a number of reasons: an
increasing policy requirement for renewable transport fuel in the form of biomethane,
an increase in the availability of original manufacturer NGVs in the UK and the
elimination of wet natural gas in the network (Brown & Judd, 2012; Kirk, et al, 2014). As
an emerging developer of a CNG transport industry, the UK currently has 16 CNG
stations refuelling over 760 NGVs (EE, 2016; NGVAE, 2016b).

Although, the UK CNG industry is endeavouring to promote its product through
utilisation in HD trucks and buses, the UK government has primarily chosen to support
biogas to electricity production while utilising EVs to decarbonise the transport sector
(Le Fevre, 2014). The UK Department for Transport (DfT) has invested in the analysis and
testing of CNG versus diesel through the Low Carbon Vehicle Partnership with a view to
strengthening the case of CNG utilisation in HD trucks and buses (NG, 2016). A subsidy
is available for renewable transport utilisation through the DfTs Renewable Transport
Fuel Obligation (RTFO) scheme. The RTFO places an obligation on fuel suppliers rather
than offering a subsidy, and Renewable Transport Fuel Certificates (RTFCs) are the
market traded mechanism for fulfilling that mandate (REA, 2016a). However,
biomethane injected into the natural gas network is not eligible to receive a RTFC (DFT,
2012). The key issue with biomethane obtaining an RTFC is that it is only available to
biomethane directly transferred into an NGV on its on-site production facility (i.e. at a
biomethane liquefaction facility which are cost prohibitive unless at a very large scale)
(NG, 2016 / REA, 2016a). Therefore, biomethane injected into the natural gas network
and notionally extracted at a refuelling station in a different location downstream does
not qualify for RTFC remuneration.
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In terms of biomethane production, there were 161 AD facilities (excluding the
wastewater industry) in operation in the UK in 2015; six of which are injecting
biomethane into the natural gas network (GGG, 2014; GIB, 2015). In 2011, the UK
Government introduced the Renewable Heat Incentive (RHI) which provides a
guaranteed incentive payment to the producer of biomethane injected in the natural
gas network or for heat used from biogas combustion (<200 kWth) (HOP, 2011). This
financial support offers a consistent, index-linked payment for biomethane unit
produced for a 20 year period, providing a stable justification for long-term investment
(REA, 2016a). In 2015, the UK was the fastest growing biomethane industry in the world
mainly due to the attractive kick-start incentivise mechanism which the RHI provides for
biomethane to natural gas network projects (REA, 2016b). Evidently, there were no full
scale biomethane plants in operation prior to the introduction of the RHI for biomethane
injection (REA, 2016b). Due to the quick success of biomethane injection in the UK, the
UK Government have digressed the biomethane RHI on successive occasions with any
further reductions expected to put the economic viability of such projects in jeopardy
(HOP, 2016).

2.7

The Irish gaseous road transport industry

2.7.1 Industry history
There is a distinct lack of NGV industry history in Ireland with only a few small scale pilot
projects deployed by town gas companies over the last number of decades. Such
projects allowed these companies to operate their LCV fleets on CNG, however, these
initiatives never gained enough traction and were eventually abandoned. In recent
times, Gas Networks Ireland, the operator of the Irish gas network, has pioneered the
development of a CNG industry in Ireland and aims to construct the first 14 CNG stations
of a planned network of 70 CNG refuelling stations around Ireland by 2025 (GNI, 2016d).
A biomethane injection facility will also be connected to the natural gas network by Gas
Networks Ireland.

In 2015, there were only two private CNG refuelling stations in operation in Ireland,
fuelling 12 commercial NGVs (DTTS, 2016; NGVAE, 2016b). Gas Networks Ireland aim to
develop their CNG network along the Ireland’s motorways, focussing on market
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penetration through CNG powered LCVs and MD/HD trucks and buses (GNI, 2016d). In
terms of Government support, CNG has only recently been provided with policy support
in the form of excise relief. Biomethane also receives excise relief, however, there is no
financial support for biomethane production as a transport fuel currently included in the
Irish Government’s renewable transport policy agenda.

2.7.2 Lack of gaseous transport legislation
NREAP:
Through the adoption of the Renewable Energy Directive (2009/28/EC), the Irish
Government devised the NREAP as their strategic approach to deliver on Ireland’s 16%
RES target, including a 10% RES-T target (DCENR, 2010). In order to achieve the RES-T
target, penetration in the Irish road transport industry of approximately 9% and 1% from
biofuels and EVs is proposed by the NREAP, respectively. As part of the NREAP, the
Biofuel Obligation Scheme (BOS) mandates all road transport fuel suppliers to blend
biofuels (typically ethanol and biodiesel) in their petrol and diesel supplies to ensure
that they represent a certain percentage of their annual fuel sales. The initial effective
penetration rate proposed in the NREAP was 4% by volume per annum (3.2% by energy)
per annum in 2010, which would increase on a periodic basis (DCENR, 2010). The
effective penetration rate in 2017 is 8.695% by volume per annum (NORA, 2017).

To complement the BOS, the Irish Government also set a target of 10% EV penetration
(circa 230,000 EVs) by 2020 (DCENR, 2010). Although receiving significant subsidies (a
grant of up to €5,000 when purchasing an EV) and large investment in recharging
infrastructure, penetration has been slow in comparison to the initial NREAP projections
due to poor battery performance and limited travel ranges (DCCAE, 2016). Accordingly,
Ireland's third National Energy Efficiency Action Plan (NEEAP) reduced the projection to
50,000 EVs to 2020 (DCCAE, 2014). However, in 2016 there were circa 2,000 EVs in
operation in Ireland with low penetration attributed to the significant cost and limited
selection of EV models as well as low consumer confidence (DCCAE 2017). Subsequently,
the NPF on Alternative Fuel Infrastructure for Transport further reduced the projection
to 20,000 EVs to 2020 (DTTS, 2016). Therefore, it is proposed that biofuels will almost
exclusively assist Ireland in trying to achieve its RES-T target by 2020 (DCCAE, 2016).
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REFIT:
To achieve the targets of the Directive (2009/28/EC), MSs have chosen various policy
instruments based on their individual circumstances and renewable policy strategy. The
two most popular types of policy incentive schemes deployed worldwide are tradable
renewable certificate schemes and feed in tariff type schemes (Doherty & O’Malley,
2011). In Ireland, DCENR has strongly committed to incentivising renewable electricity
generation for producers through the Renewable Energy Feed in Tariff (REFIT). In 2006,
REFIT 1 was opened to provide support to newly developed wind and hydro power
facilities. In 2012, REFIT 2 (a revised version of REFIT 1) and REFIT 3 (supporting biomass
technologies) were introduced to further strengthen Ireland’s commitment to
renewable electricity generation. The REFIT support mechanism is a differentiated
instrument with different levels of reward awarded to a unit of energy depending on the
generation technology. The final bill for REFIT is absorbed by the consumer through the
Public Service Obligation (PSO) levy which is applicable to all electricity customers (CER,
2012).

However, there is currently no equivalent form of subsidy in the Republic of Ireland (ROI)
for biomethane production. Meanwhile, REFIT 3 has incentivised the production of
renewable electricity from anaerobic digestion as AD-CHP receives a higher subsidy for
electricity production than electricity only technologies such as wind, hydro and biomass
combustion (IEA, 2012). The Sustainable Energy Authority of Ireland (SEAI) provided a
substantial capital grant to AD-CHP developer in the past but this offer was terminated
in 2011 due to the non-availability of budget resources. Unlike electricity in Ireland,
policy adherence surrounding renewable transport utilisation from AD is tentative with
excise duty relief being the only form of support available; such relief only incentivises
consumers and does not provide financial support to biomethane producers.

Excise duty relief:
In the EU, excise duties are indirect taxes on the sale or use of specific products which
act as tax controls at the borders between MSs providing common rules to facilitate
cross-border trade of such products and to prevent competitive distortions (EU, 2017d).
In order to facilitate the development of CNG as a transport fuel, the Irish Government’s
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Finance Bill 2015 significantly reduced the excise duty on CNG and biomethane to the
current EU minimum rate €2.60/GJ for an 8 year period. Therefore, the excise duty
applied to CNG is €0.053 per litre while the diesel excise duty is €0.479 per litre (GNI,
2016c).

2.7.3 Current RES-T performance
In the latest NREAP Status Report submitted by the Irish Government to the EU in
December 2017, the country’s RES-T stood at 5.0%; consisting of 119.15ktoe of energy
from biofuels and 0.048ktoe of energy from EVs while biomethane did not account for
any portion of the RES-T utilised in Ireland (DCCAE, 2017). It is also projected that Ireland
will require 345 ktoe of biofuels in order to achieve its RES-T target by 2020 which is
challenging when considering the requirements of ILUC Directive (Directive 2015/1513)
and the availability of advanced biofuels in Ireland and at an EU level (DCCAE, 2017). It
also puts additional pressure on Irish transport fuel suppliers to provide high-biofuel
blends to the transport sector and the capacity of the Irish car fleet to operate on biofuel
blends (DCCAE, 2016).

2.7.4 Current NGV infrastructure
Unlike many of its EU counterparts, CNG utilisation in Ireland is currently in a
demonstration phase with the ambitious development of 70 CNG stations proposed by
2025. However in 2017, the current number of CNG refuelling stations in Ireland stands
at three as highlighted in Table 2.6. Gas Networks Ireland is currently operating two
private CNG stations at their premises in Cork and Dublin (DTTS, 2016). Ireland has an
advantageous starting point to assist in kick starting a CNG industry in the form of a fully
developed natural gas network which spans a large portion of the country. A key
requirement for Gas Networks Ireland going forward will be to find service station
partners and commercial fleet operators in close proximity to the natural gas network
who will allow the integration of CNG refuelling equipment into their conventional
forecourts and premises, respectively (GNI, 2016d).
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CNG refuelling stations - public

Operational
0

Under construction
1

CNG refuelling stations - private

3

0

Table 2.6: Number of CNG refuelling points in Ireland in 2017 (derived from DTTS,
2016)

2.7.5 Biomethane utilisation in Ireland
The development of biogas as an energy source in Ireland has been slow and
intermittent to date with only 5 AD facilities in operation in 2015 (EPA, 2015). The
majority of these facilities utilise the produced biogas through CHP. The Irish AD industry
is severely under-developed with only small scale facilities utilising agricultural and
industrial organic fractions (Štambaský, 2016). There are currently no AD facilities
injecting biomethane into the natural gas network in Ireland. Such insignificant
development of biogas as an energy source in Ireland totally contradicts numerous
academic and scientific research publications that strongly advocates the significant
potential that Ireland has to produce biogas from an abundance of feedstocks. For
example:
-

In 2005, Murphy and McCarthy estimated that an investment in the
development of a biomethane industry in Ireland of €315 million would deliver
a 1% substitution of transport fossil fuel (petrol and diesel) when utilising
OFMSW as the anaerobic digestion feedstock (Murphy & McCarthy, 2005);

-

In 2009, Murphy and Power determined that biomethane produced from grass
silage could meet Ireland’s 2010 biofuel target (5.75% of total transport fuel
demand) while only utilising 1.6% of the country’s agricultural grasslands
(Murphy & Power, 2009);

-

In 2009, Singh et al propose that 191 AD to biomethane facilities (183 utilising
agricultural slurry and grass, 4 utilising slaughterhouse waste and 4 utilising
OFMSW) could fuel approximately 390,000 private cars (22% of present private
car fleet), replacing 7.5% of natural gas and satisfying 5.1% of transport fuel and
2.3% of final demand (Singh et al, 2009);

-

In 2009, analysis by Smyth et al on the energy balance of grass silage in Ireland
and other temperate northern European climates found that 10% of Ireland’s
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million hectares of grassland (silage, hay and pasture) can fuel 1.05 million cars
equating to 55% of passenger cars based on 2007 vehicle data (Smyth et al,
2009);
-

In 2011, Smyth et al conducted a case study of AD potential in County Limerick
in Ireland which calculated that biomethane produced from grass and belly grass
from two slaughterhouses in the area and only 5% of pasture could fuel half of
the cars in County Limerick: approximately 44,000 cars. Alternatively, if this
biomethane was utilised as a heat source, approximately 33,000 homes would
be satisfied: equating to 130% of homes connected to the natural gas network
in County Limerick (Smyth et al, 2011);

-

In 2011, Browne et al derived that 17% RES-T can be achieved in Ireland by 2020
when committing to a realistic collection of OFMSW and grass silage from 2.5%
of pasture land. (Browne et al, 2011); and

-

In 2011, Thamsiriroj et al estimated that 8.4% of imported oil could be replaced
with biomethane from a variety of available feedstocks saving €500 million per
annual on imported fossil fuels and €22 million per annum on the associated
traffic emissions damage avoidance (Thamsiriroj et al, 2011).

2.8

The Irish natural gas industry

2.8.1 Natural gas network
The Irish natural gas network is owned and operated by the System Operator (SO);
namely Gas Networks Ireland. In 1976, the Irish Government created Gas Networks
Ireland (formerly Bord Gáis Networks) as the State’s Gas Development Agency which
managed 31km of transmission pipeline and local town gas distribution systems (GNI,
2016a). The network now comprises of pipeline which is approximately 13,772km in
length; of which 2,433km is steel transmission pipelines (high pressure operating above
16 barg) and 11,339km is polyethylene distribution pipelines (lower pressure operating
below 16 barg – typically operating at 4 barg and less than 100 mbarg for inner city
networks) (GNI, 2016b).

The transmission network is the primary vehicle for transporting natural gas throughout
Ireland with a ring-main linking Dublin, Galway and Limerick, a number of spur lines to
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Cork, Waterford and lower pressure (40 barg and 19 barg) regional networks in large
urban centres as highlighted in Figure 2.5. The Kinsale Head Gas Field is connected to
the Cork network and has been providing indigenous natural gas for a number of
decades. In addition the Mayo-Galway pipeline connects the ring-main to the
Bellanaboy terminal, Co. Mayo, where Corrib gas enters the transmission system. In
order to control and reduce pressures on the network, Above Ground Installations
(AGIs) and District Regulating Installations (DRIs) are located throughout the network as
well as compressor stations at the entry points in the ROI and Scotland (GNI, 2016b).

Natural gas utilisation accounted for 28% of Ireland’s Total Primary Energy Requirement
in 2015, supplying over 650,000 homes and 27,000 businesses (GNI, 2016b). As
illustrated in Figure 2.6, natural gas supply in Ireland originates from a number of
sources; indigenously through the Corrib gas field and Kinsale gas field and through two
subsea interconnector pipelines to Great Britain (GNI, 2016a). In 2015, the
interconnectors supplied over 93% of the ROI’s annual gas demand (SEAI, 2016). The
introduction of the Corrib entry point to the natural gas network on 31 December 2015
has significantly increased indigenous supply; it is projected that 71% of the ROI’s annual
gas demand will be satisfied by the Corrib gas field in its first full year of production (GNI,
2016b).

However, while the Corrib gas field will significantly improve security of natural gas
supply in ROI in the short-term, in the medium-to-long-term, Ireland is expected to
remain largely dependent on imported natural gas from Great Britain to meet demand
as it is anticipated that the Corrib gas field supply will have declined by 50% by 2025
(SEAI, 2016; GNI, 2016b). Furthermore, the Kinsale gas field is expected to cease supply
in 2021 (GNI, 2016b). Therefore, other forms of indigenous gas supply are required in
order to increase security of supply in the medium-to-long-term. Therefore, the SO has
a number of projects in development, focussing on biogas sources such as biomethane
injection that will complement natural gas and provide an indigenous renewable form
of energy that can assist Ireland in achieving its renewable energy targets (GNI, 2016a).
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Figure 2.5: The natural gas pipeline network in Ireland (GNI, 2017c)

Figure 2.6: Annual natural gas network supply forecast to 2025 (GNI, 2016b)
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2.8.2 Natural gas market
The Irish natural gas market became open to competition and fully price-deregulated in
July 2014 in which any licenced supplier can enter the market and compete for supplying
natural gas to customers (CER, 2017a). The operation of the natural gas market is
regulated by the Commission for Regulation of Utilities1 (CRU), managed by the SO and
has two distinct types of participant: namely natural gas shippers and natural gas
suppliers which must both be licenced by the CRU in order to partake in the retail market
through a Natural Gas Shipping Licence and a Natural Gas Supply Licence, respectively
(CER, 2017b).

DCCAE

Government majority
shareholder & policy maker

CRU
Independent market regulator
Gas Networks
Ireland
Market and System Operator
Tynagh
Energy

Aughinish
Alumina

Huntstown
Power

ESB Powergen

Synergen
Natural gas shippers only

PrePayPower

Bord Gáis
Energy

Flogas

ESB IE
(I/C only)

Electric
Ireland
Gazprom
(I/C only)

SSE Airtricity

Energia

Vayu
(I/C only)
Natural gas suppliers/shippers

Domestic and I/C customers

Figure 2.7: Irish natural gas market structure (developed by author)

1

The Commission for Energy Regulation was renamed to the Commission for Regulation of Utilities in
2017.
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The transportation of the natural gas is completed by the SO on behalf of the shippers
through the network Code of Operations which governs the rules for both the
transmission and the distribution networks. All natural gas suppliers currently hold
Natural Gas Shipper Licences but there are a number of shippers that only transport gas
to their own facilities (i.e. power plants and large commercials) and thus do not require
a Natural Gas Supplier Licence. Through the Code of Operations, shippers are mandated
to follow general principles including regulatory compliance, entry/exit capacity
arrangements, nomination/allocation arrangements, balancing and gas quality
specification (GNI, 2017a).

2.8.3 Industry stakeholders
The key stakeholders in the natural gas market as highlighted in Figure 2.7 are
summarised as follows:

Department of Communications, Climate Action and Environment:
The Department of Communications, Climate Action and Environment (DCCAE) is the
Irish Government department charged with formulating and implementing policy and
legislation on the liberalisation and regulation of the gas markets in Ireland. The Minister
of Communications, Climate Action and Environment is the majority shareholder for the
multi-utility Ervia as per S.I. No. 520 of 2015 Gas Regulation Act 2013 (Commencement)
Order 2015 (ISB, 2015). Gas Networks Ireland is the business unit of Ervia which operates
the natural gas network in Ireland.

Commission for Regulation of Utilities:
The CRU is responsible for the economic regulation of the Irish gas network and the
supply of gas to end customers pursuant to the Gas (Interim) (Regulation) Act, 2002, as
amended (ISB, 2002). The CRU also have a number of other responsibilities in relation
to the natural gas market in Ireland (CER, 2017a):
-

sets the tariffs for access to and use of the gas;

-

manages and licences suppliers in the retail gas market;

-

protects and monitors security of supply of natural gas and establishes policies
to ensure adequate gas levels; and
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-

regulates the safety of natural gas.

Gas Networks Ireland:
Gas Networks Ireland (as a designated subsidiary of the multi-utility Ervia) is the SO for
the natural gas network in Ireland whose key responsibility is to own, operate, build and
maintain the transmission and distribution natural gas network in Ireland and connect
all customers to the network while supplying safe, efficient and secure natural gas to its
customers (GNI, 2017b). Gas Networks Ireland develops the associated operations
policies, codes and standards in order to allow them to develop, operate and maintain
the gas transportation system (GNI, 2017b).

Natural gas shippers:
Natural gas shippers can produce, trade and supply natural gas to their own facility or
other shippers/suppliers. It is important to note that the holding of Natural Gas Shipper
Licences is quite fluid process as it is common to have new entrants, exiting shippers and
new categories of supply while some shippers are dormant, some have multiple
registrations for various sister companies and some have a licence but subcontract
shipping to another party. The natural gas shippers currently shipping natural gas to
suppliers and their own facilities in Ireland are highlighted in Figure 2.7 (CER, 2017b).

Natural gas suppliers:
Natural gas suppliers can produce, trade and supply natural gas to natural gas
consumers. The Natural gas suppliers currently supplying natural gas in the domestic
and retail business natural gas markets in Ireland are highlighted in Figure 2.7 (CER,
2017b). Natural gas suppliers are bound by CRU’s Natural Gas Supplier Licence and
Codes of Practice in relation to their customer contracts (CER, 2017a).

Natural gas customers:
There are four types of natural gas customers in the Irish market, namely: residential
customers, small to medium enterprises (SME), industrial & commercial (I&C) customers
and power generation customers (GNI, 2016a). There are a number of very large
customers which act as their own shipper i.e. power generation entities such as
Aughinuish and Tynagh. Otherwise, Natural gas customers contract with natural gas
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suppliers who sell and subsequently bill the natural gas customers for their natural gas
taken off the network (CER, 2017a).

2.9

Literature review reflection

2.9.1 Motivation
Since the turn of the 21st century there has been a significant increase in relation to the
damage which GHGs and climate change is inflicting on the planet earth. Many political
and commercial organisations throughout the world have embraced the challenge of
tackling the world’s dependency on fossil fuels. The EU (and subsequently MSs including
Ireland) have launched a renewable policy offensive in order to combat climate change
and ensure that its energy requirements are delivered by renewable and sustainable
sources. Through a number of policy mechanisms such as Directive (2009/28/EC),
Directive (2009/30/EC), Directive (2009/33/EC) and Directive (2015/15.13), the EU has
established a broad renewable policy framework promoting a variety of renewable
technologies at a communal level which is cascaded down to MS level through the
requirement to meet mandatory targets for providing RES-E, RES-H, RES-C and RES-T.
The technologies deployed are at the discretion of the MS once it meets EU policy
specifications.

In terms of this research, the accomplishment of meeting the 10% RES-T for Ireland is of
particular interest to the author for the following reasons:
-

The RES-T target of 10% is the only target that is mandatory in its own right; as
achieving the Irish RES target can be achieved through a combination of RES-E,
RES-H and RES-C;

-

The EU is currently unlikely to achieve the RES-T by 2020 with the renewable
share of 6.7% in 2015 in comparison to 1.4% in 2004 (Eurostat, 2017).
Furthermore, Ireland is one of the contributing MSs to this slower than required
performance, accounting for 5.0% when applying weightings for double
certificates in accordance with the Directive (2009/28/EC) (DCCAE, 2017);

-

Furthermore, of the 5.0% RES-T share in Ireland, the vast majority of it is
provided from blended biofuels that are imported for other countries. There is
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little or no indigenous RES-T in Ireland apart from the 983 EVs licenced in Ireland
in 2015 (CSO, 2016); and
-

Finally, EVs are the only form of indigenous renewable transport technology
being utilised (when using renewable electrical energy). This is a limiting factor
to influencing the road transport sector as EV technology is currently only
penetrating the private passenger car market as battery powered commercial
EVs are not readily available on the market; of the 497 new EVs licenced in 2015,
96% of them were passenger vehicles (CSO, 2016).

The author of this thesis believes that Ireland’s transport policy has neglected to expand
and diversify its energy portfolio to assist in helping the RES-T target. It is important to
investigate if other forms of renewable energy have the ability to assist Ireland in
achieving its RES-T target by 2020 and future renewable transport targets. The
alternative renewable fuel of interest (other than imported biofuels and EVs) to the
author is biomethane and to determine its potential to assist Ireland in achieving its
renewable energy and infrastructure targets forms the basis of this research.

2.9.2 Important learnings
The literature review has undertaken a detailed examination of biomethane and CNG as
a transport fuel both in the EU and in Ireland in which the key findings are as follows:
-

AD and biomethane injection into the natural gas network are proven
technologies in the EU and this technology forms an integral part of this research.
Similarly, NGV technology is also a well-established mode of road transport.
Therefore, from a technology point of view, it is assumed that the technical
supply chain from production of biomethane to its distribution to NGV customers
does not merit substantive investigation going forward as it is a mature process
technically;

-

Ireland has a world class natural gas network which currently provides
conventional natural gas to produce electricity in power stations and provide
heat to commercial and residential customers. However, biomethane injection
has not been introduced to the network;
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-

The RES-T in Ireland is being achieved in a manner that is not indigenous or
sustainable in the future. Ireland requires alternatives to replace the burden
placed on imported biofuels that EV penetration is currently not achieving; and

-

Other EU countries such as Germany, Italy and Sweden have all successfully
introduced policy frameworks to integrate biomethane into their road transport
industry which raises the question: “what policies are required to strategically
develop an effective renewable gaseous transport industry in Ireland?”.

The literature evidently shows that biomethane as a transport fuel is a proven
technology, the required infrastructure is present in Ireland to assist the technology and
there is a significant requirement for another form of renewable transport fuel in the
market in order to meet mandatory EU targets for 2020 and beyond. Following the
authors learnings from the literature review, it is apparent that a multifaceted
examination of the Irish transport sector is required in order to determine how to
successfully introduce biomethane to the market.

2.9.3 Focus going forward
It is apparent from the literature that the lack of coherent and strategic policy is a major
barrier to biomethane utilisation as a transport fuel in Ireland. However, instead of
tackling this problem at the beginning, it is prudent to ensure that biogas production is
technically feasible in terms of economics from an Irish perspective, that there is
sufficient natural resources available in Ireland to produce biomethane in the AD
process and that biomethane as a transport fuel is the best utilisation technology for AD
in Ireland. Thus Chapters 3 and 4 will compare the feasibility of biogas utilisation through
CHP and biomethane utilisation as a transport fuel.

As a first step to determining what policies are required in order to develop a strategic
effective gaseous transport fuel industry, the author primarily focussed on determining
the potential of biogas as an energy source in Ireland. Initially, Chapter 3 examines the
feasibility of small to medium scale AD to CHP from grass silage in Ireland as CHP is the
more prominent biogas utilisation technology currently being deployed with numerous
AD facilities creating heat and electricity. This analysis will then act as a benchmark to
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compare and contrast the potential of biomethane as a transport fuel in Chapter 4 to
determine the optimum biogas technology for Ireland.

62

Policies required to encourage biomethane as a transport fuel

3.0 The feasibility of small to medium scale CHP anaerobic
digestion from grass silage in Ireland

Abstract
The Renewables Directive (2009/28/EC) proposes a 20% share of energy produced from
renewable sources in final energy consumption of each EU Member State by 2020. In
2008, renewable energy production accounted for approximately 3.6% of Ireland’s final
energy consumption. The CHP Directive (2004/8/EC) highlights the importance of
sustainable cogeneration infrastructure. The utilisation of biogas to CHP from energy
crops such as grass silage can help meet the objectives of these directives and
considerably increase Ireland’s renewable energy production. It is predicted that
electricity production from biomass will steadily increase by 24% annually to 2020. The
utilisation of grass silage is suitable in an Irish content. Grass silage occupies the largest
land area of any crop in the country. Currently, agricultural land use stands at 4.2 million
hectares with approximately 80% of this being occupied by pasture, hay and grass silage.
Furthermore, grass silage is easy to grow and harvest and does not require rotation. In
terms of digestion, grass silage is a suitable substrate as it is easily digested. It also has
the ability to be mixed with other forms of substrate such as agricultural slurry. In terms
of biogas to CHP, one hectare of grass silage with the addition of 59 tonnes of
agricultural slurry has the ability to provide electrical and thermal energy for 9.9 and 1.6
houses per annum, respectively.

Publication details: Goulding D, Power NM, Murphy JD, “The feasibility of small to
medium scale CHP anaerobic digestion from grass silage in Ireland”, 18th European
biomass conference, Lyon, France. 3rd-7th May, 2010.
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3.1

Introduction

3.1.1 Focus of paper
The focus of this paper is to determine the technical, environmental and economic
viability of agricultural anaerobic digestion to combined heat and power generation
(CHP) on a small to medium scale. The substrate under consideration is primarily grass
silage. The addition of agricultural slurry is required to compliment wet digestion
process conditions (moisture content in the digester of 15% and lower). The availability
of grass silage and slurry as substrates are in ample supply in Ireland. Silage production
is a huge resource for Irish farmers with over a million hectares of silage harvested
annually. In addition, the generation of animal slurries is consistent with the vast
quantities being produced every year. With the spreading of animal slurries becoming
more stringent due to the Nitrates Directive (91/676/EEC), anaerobic digestion would
provide a suitable alternative (EU, 1991).

3.1.2 Energy crops versus food shortages
At present, the global over dependency on fossil fuels to produce energy has led to a
rapid increase in the generation of energy from crops such as wheat, maize and sugar
cane. However, this trend has sparked a global debate as the rapid increase in energy
crops is threatening to create food shortages and increase poverty in poorer countries.
Furthermore, the utilisation of energy crops on a large scale may also lead to severe
biodiversity loss. One concern is that increased biofuel production will stimulate land
use change, leading to large amounts of carbon being released to the atmosphere (Prade
et al, 2017). The negative implications of ILUC are a major concern for EU policy makers
who have modified their renewable energy legislation to ensure biofuel production does
not promote ILUC.

As grasslands already occupy 80% of Ireland’s agricultural land, it is the feedstock of
focus for this analysis. Grassy energy crops with a low starch content (such as ryegrass,
switchgrass, miscanthus, giant cane, cover crops before and after main crops, etc.) are
deemed as advanced energy crops in the ILUC Directive and thus are preferred for
biofuel production in comparison to conventional biofuels such as starch-rich crops,
sugars and oil crops (EBA, 2017). However, there may still be a negative impact on
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animal feed quantities in Ireland if portions of grasslands for animal feed are redirected
for utilisation as energy crops due to the significant size of the national herd.
Furthermore, the recent extremely dry summers have led to a fodder crisis for Irish
farmers. This analysis is cognisant of these important issues and thus proposes to utilise
(where possible) excess feed grass silage, grasslands not previously used for animal
feeds and abandoned arable lands where grassy crops could be grown.

3.1.3 Renewables Directive
The Renewable Energy Source Directive 2009/28/EC requires a 20% share of renewable
energy sources in final energy consumption by 2020 (EU, 2009). As Ireland’s energy
demand grows, the demand for fossil fuels is increasingly growing. Imported fuel prices
are at an all-time high. The rise in the price of oil signifies the steady decrease in oil
provisions. Biogas to CHP technology can be employed in the generation of electrical
and thermal energy decreasing the burden placed on fossil fuels while enhancing
Ireland’s renewable energy output.

3.1.4 Agricultural digestion
The viability of anaerobic digestion on an agricultural scale has proved successful in
many other European countries such as Austria and Germany. There are approximately
140,000 farms in Ireland at present with an average area of 31.4 hectares (CSO, 2000).
In this analysis, small to medium scale digestion is based on agricultural land areas
ranging from 50 to 350 hectares. Therefore, there is significant potential to develop
agricultural anaerobic digestion facilities in Ireland. Furthermore, the Irish National
Climate Change Strategy requires a 10% reduction in emissions and recommends the
reduction of the national herd as one of its objectives thus creating more land area for
energy production (DEHLG, 2007).

3.1.5 CHP technology
In the current energy crisis, the development of a sustainable CHP market in Ireland
would significantly reduce the country’s dependency on fossil fuels. The main advantage
of CHP installations is their energy efficiency. CHP generates thermal and electrical
energy in one simultaneous operation and has the ability to create significant
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greenhouse gas emissions savings. The EU devised the CHP Directive 2004/8/EC to
promote the deployment of cogeneration across Europe in a bid to develop a
sustainable CHP infrastructure (EU, 2004).

Biogas to CHP technology can help achieve the aims of this Directive. Biogas to CHP
operates on the same principal as conventional cogeneration systems that operate on
natural gas. Biogas to CHP technology has particular advantages as the heat produced
in the cogeneration process can be employed to heat the digester producing the biogas,
while the electricity can be sold to the grid satisfying both energy output and parasitic
demand of the facility.

3.2

Methodology

3.2.1 Basis for analysis
The analysis of biogas to CHP from primarily grass silage (that should not impact on
animal feeds or ILUC) with the addition of slurry (excess waste quantities) is conducted
on a technical, environmental and economic basis. The technical analysis examines
biogas output, CHP output and energy performance per hectare. The environmental
analysis is based on the emissions produced by the facility (from sowing the grass silage
to producing energy in the CHP unit) versus the emissions saved by displacing fossil fuel.
It is assumed that the thermal emissions produced from biogas to CHP are displacing
emissions from a kerosene thermal system. Economically, the annual liabilities are
determined including, capital, operational and substrate purchase costs. The annual
revenues from energy production sales are also found. The net annual profits/losses of
such a facility are determined. A schematic of the boundary of this analysis is provided
in Figure 3.1. For illustrative purposes, the number of houses that could be served with
heat is analysed in order to quantify and compare the outputs of the biogas to CHP
scenarios investigated.
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Figure 3.1: Schematic of basis for analysis

The sensitivity analysis investigates how changing parameters will affect the net annual
profits/losses of the facility. Such parameters include, the change in feedstock purchase
price, the size of the Sustainable Energy Authority of Ireland (SEAI) grant, and the change
in the tariff received for selling electricity. This analysis gives a future perspective on
changes in economics over a period of time that a facility may incur.

3.2.2 Facility capacities investigated
Four different facility capacities are examined with the land area of each facility ranging
from small-low demand to medium-high demand. The four land areas of the scenarios
under consideration are as follows:
-

1a. Small scale-low demand, 50ha ≈ 2 farms;

-

1b. Small scale-high demand, 150ha ≈ 5 farms;

-

1c. Medium scale-low demand, 250ha ≈ 8 farms; and

-

1d. Medium scale-high demand, 350ha ≈ 11 farms.

As the land areas of each scenario are significantly larger than the average farm size of
31.4ha, each facility will require a cooperative centralised agreement between a number
of farms. For example, a small scale-high demand anaerobic digestion facility will require
the amalgamation of 5 average size farms to achieve the derived 150ha capacity of the
facility. Conversely, a farm which has the ability to grow 150ha of grass silage could also
develop such a facility independently.
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3.2.3 Biogas technology
The development of the analytical model is based on an anaerobic digestion to CHP
facility in Austria that was visited by the authors in early 2009. The two-stage digestion
facility operates under wet process conditions treating approximately 30t/d and 22t/d
of maize silage and pig slurry, respectively. H Lindorfer, et al (2006) discuss the
phenomenon of self-heating in anaerobic digesters in agricultural biogas plants which
utilise energy crops as a feedstock (Lindorfer et al, 2006). The process is initially heated
to 35°C and the self-heating digestion process increases the temperature in the reactor
to 39°C (Lindorfer et al, 2006). Lindorfer, et al (2008) describes how extensive research
into the configuration of the facility lead to the optimisation of the digestion process,
doubling the organic loading rate to 4.25kg VS/m3/d (Lindorfer et al, 2008). This in turn
doubled the biogas productivity of the facility to 2.91m3/m3/d (Lindorfer et al, 2008).
This allowed the CHP capacity of the facility to be upgraded from 500kWe to 1000kWe
through the addition of a second 500kWe CHP unit (Lindorfer et al, 2008). Furthermore,
Lindorfer, et al (2008) estimates that the total process produces a biogas yield of
0.69Nm3/kg VS and a methane yield of 0.36m3CH4/kg VS (Lindorfer et al, 2008).

3.2.4 Biogas and energy yield per hectare
As this paper primarily deals with agricultural digestion and land area is the limiting
factor in terms of energy production, the performance of the facilities will be
determined per hectare of land utilised. The analysis will determine biogas and energy
productivity in terms of yield per hectare. A facility which digests a hectare of grass silage
with the addition of 59t of agricultural slurry has the ability to utilise 12,953m 3 of
biogas/ha with an energy content of 265GJ/ha.

3.3

Substrate characteristics

3.3.1 Grass silage
Perennial ryegrass (PRG) is the most common form of forage grass in Ireland with annual
seed sales accounting for approximately 95% of all grass seed types purchased (DOF,
2008). PRG can achieve an optimum yield of 16.5t DM/ha (DOF, 2008). B.M. Smyth, et
al recommend that the grass silage employed should be two-cut silage. The harvesting
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will occur twice a year, the first cut preferably in late May and the second cut in early
July (Smyth et al, 2009). Third-cut silage can become economically excessive.

3.3.2 Biogas production from grass silage
Grass silage has a moisture content of 78%, volatile solids content 90% and volatile solids
destruction is 80% (Smyth et al, 2009). B.M. Smyth, et al incorporates a volatile solids
destruction rate of 55% (Smyth et al, 2009). However, Thanasit Thamsiriroj of the
Sustainable Research Group in University College Cork has achieved a volatile solids
destruction rate of 91% in a laboratory scale two-stage digester (Thamsiriroj, 2010).
Therefore a conservative volatile solids destruction rate of 80% was assumed. The
elemental breakdown of grass silage is given as C28.4H44.5O17.7N (Smyth et al, 2009).
Biogas production is calculated by analysing how much biogas a kg of volatile solids will
produce. Therefore, grass silage gives a derived biogas production rate of 0.953m3
biogas/kg VS and a CH4 content of 54%. Digested grass silage has an energy value of
19.42MJ/kg VDS.

3.3.3 Agricultural slurry
Animal slurries offer a readily available form of anaerobic digestion feedstock. In Ireland,
cows maintain an over-wintering period of between 16-20 weeks, where they remain
indoors. This represents 30 – 40% of the total amount of slurry created per annum (EPA,
2005). The majority of pig farms are intense enterprises and are housed all year round.
At present, the majority of this slurry is spread on lands. In 2007, over 56 million tonnes
of cattle slurry was produced on Irish farms while almost a further 2.3 million tonnes of
pig slurry was produced (DOFM, 2008b). Anaerobic digestion has the ability to
sustainably manage significant quantities of excess agricultural slurry. The SEAI
estimates that 2.4 million tonnes of slurries (1% of cattle slurry and 46% of pig slurry)
could be utilised for bioenergy production (SEAI, 2017). Furthermore, slurry that was
previously spread on grass and arable lands can be replaced with the digestate byproduct (similar nutrient composition) produced in the anaerobic digestion process
ensuring than such nutrients from an alternative source are not required.
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3.3.4 Biogas production from agricultural slurry
Agricultural slurry has a moisture content of 94%, volatile solids content 75% and volatile
solids destruction is 65% (Murphy, 2004). The elemental breakdown of slurry is given as
C9.42H1.35O4.47N (Marcato et al, 2009). This gives a derived biogas production rate of
1.137m3 biogas/kg VS and a CH4 content of 40%. Agricultural slurry has an energy value
of 17.13MJ/ kg VDS.

3.4

Technical analysis

3.4.1 Digester configuration
A two-stage digester with a typical dry solids content of 15% is assumed. The digester
operates in the mesophilic range at 39°C. Recirculation of the leachate is deployed to
ensure the dry solids content stays at or below 15%. The parasitic demand of the facility
is in the same proportion as the facility visited by the authors in Austria. The parasitic
electrical demand for the facility is approximately 6.9% and is utilised to operate the
computer support system and electrical components (pumps, mixing units, etc.) which
will activate the plant. The thermal parasitic demand of the facility is approximately 1%
and is used to heat the digester. The reason for such a low thermal parasitic requirement
is that the digestion process is self-heating and once the facility heats the digester to
35°C, the microbial activity of the digestion process rises the temperature of the process
and maintains it at 39°C (Lindorfer et al, 2006). The biogas is then transferred to a CHP
unit on site. The electrical energy is exported to the national electricity grid. The sale of
thermal energy is a difficult operation as the majority of housing estates in Ireland have
single house heating systems. For this paper, however, the sale of thermal energy is
assumed to be achieved by offering a competitive sale price to businesses and sectors
that require a large amount of thermal energy such as industrial factories, shopping
centres and hotels. In reality this may not be achievable in an agricultural setting and
thus the economic analysis also considers anaerobic digestion to CHP’s feasibility
without the sale of thermal energy.

70

Policies required to encourage biomethane as a transport fuel

3.4.2 Addition of slurry
As this anaerobic digestion facility is assumed to be a wet process, the addition of
agricultural slurry is required to change the solids content entering the anaerobic
digester. Wet digestion operates optimally at between 8 - 15% dry solids. Slurry is a
readily available entity in the agricultural sector and as silage production is generally
applicable to livestock farming it seems logical to utilise a combination of the two
feedstocks. The quantity of slurry (t/a) required to maintain wet process conditions is
obtained using the derived Equations 3.1 and 3.2 highlighted below:

Total DM slurry = (DM crops/0.15 – FM crops)

(Eqn. 3.1)

10

Total FM slurry = Total DM slurry/SC of slurry

(Eqn. 3.2)

The mixing of the grass silage and agricultural slurry occurs mechanically before it is
pumped to the digester as one substrate. Table 3.1 depicts the quantities of agricultural
slurry required to assist the digestion of grass silage for the four scenarios investigated
using Equation 3.1 and 3.2. For this specific process the ratio of grass silage to
agricultural slurry is 1:0.78. Therefore, a 250ha land area of grass silage with the addition
of slurry requires an anaerobic digestion facility with a capacity to treat of 33,733tpa,
consisting of 18,975tpa of grass silage and 14,758tpa of agricultural slurry.

Area (ha)
Quantity: grass (t/a)
Added: slurry (t/a)
Total substrate (t/a)

1a
50
3,795
2,952
6,747

1b
150
11,385
8,855
20,240

1c
250
18,975
14,758
33,733

1d
350
26,565
20,662
47,227

Table 3.1: Addition of slurry to grass silage for digestion

3.4.3 Biogas output
The addition of agricultural slurry to the digestion process alters the breakdown of the
substrate. The process has a solids content of 15%, a volatile solids content of 87.4% and
a volatile destruction rate of 77.7%. Table 3.2 summarises the biogas output of the four
grass silage facilities investigated in the analysis. Each of the four facilities digests 13.7t
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VDS/ha/a of the combined substrate, producing 11,458m3/ha of biogas from grass silage
and 33.3m3/t of biogas from agricultural slurry. In total, one hectare produces a total
biogas yield of 13,421m3/ha/a. Another similar digestion facility in Sweden was visited
by the authors in mid-2009. This facility experienced biogas losses of 3% from the
digester. A further 0.5% of biogas losses occur in the CHP unit (COSPP, 2009). This allows
12,953m3/ha/a of biogas to be utilised in the CHP, providing 265GJ/ha/a of energy.

TS (t/a)
DS (t/a)
VS (t/a)
VDS (t/a)
Biogas: grass (m3/a)
Biogas: slurry (m3/a)
Biogas: total (m3/a)
Biogas: losses (m3/a)
Biogas: to CHP (m3/a)
Energy: to CHP (GJ/a)

1a
6,747
1,012
884
687
572,875
98,164
671,039
23,386
647,654
13,263

1b
20,240
3,036
2,653
2,062
1,718,625
294,493
2,013,118
70,157
1,942,961
39,790

1c
33,733
5,060
4,421
3,437
2,864,375
490,822
3,355,197
116,929
3,238,268
66,317

1d
47,227
7,084
6,190
4,812
4,010,125
687,150
4,697,275
163,700
4,533,575
92,844

Table 3.2: Summary of biogas output

3.4.4 CHP output
Based on the Austrian anaerobic digestion to CHP facility, the electrical and thermal
efficiencies of the CHP units are 38% and 39%, respectively. The derivation of the
number of houses powered is based on the single house electrical requirement which is
defined in a paper by Murphy, et al, as 2,628kWh/house/a (Murphy et al, 2004).
Similarly, the number of houses heated is based on the single house heat requirement
which is defined in a paper by Murphy, et al, as 66GJ/house/a (Murphy et al, 2004). Table
3.3 highlights the energy output from the CHP unit of the four grass silage facilities
investigated in the analysis. Each of the four facilities produces 28,000kWe/ha/a of
electrical energy. Although, only 26,069kWe/ha/a can be sold to the national grid as
1,932kWe/ha/a is required to satisfy the parasitic electrical demand of the facility. The
parasitic thermal demand of the facility is significantly lower at only 287kW t/ha/a. This
allows 28,450kWt/h/a of thermal energy available to be purchased. The facility analysed
has the ability to provide electrical and thermal energy for 9.9 and 1.6 houses/ha,
respectively. For example, a medium scale-high demand facility of 350ha treating
26,565tpa of grass silage and 20,662tpa of agricultural slurry can provide electricity for
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3,472 houses and heat 543 houses on an annual basis. This 350ha facility has the ability
to power and heat 2.8% and 0.4% of the privately owned households per annum in
County Cork, the biggest county in Ireland.

Electricity Output:
Produced (kWe/a)
Parasitic (kWe/a)
To grid (kWe/a)
CHP size (kWe)
Houses powered
Thermal output:
Produced (kWh/a)
Parasitic (kWh/a)
To grid (kWh/a)
CHP size (kWh)
Houses heated

1a

1b

1c

1d

1,400,031
96,602
1,303,429
149
496

4,200,092
289,806
3,910,286
446
1,488

7,000,154
483,011
6,517,143
744
2,480

9,800,216
676,215
9,124,001
1,042
3,472

1,436,874
14,369
1,422,505
162
78

4,310,621
43,106
4,267,515
487
233

7,184,369
71,844
7,112,525
812
388

10,058,116
100,581
9,957,535
1,137
543

Table 3.3: Summary of CHP output

3.5

Environmental analysis

3.5.1 Direct and indirect emissions
Direct greenhouse gas emissions relate to the quantity of CO2 being produced during
the generation and combustion of biogas in the facility. For every m 3 of biogas
combusted, 1.96kg of CO2 is released into the atmosphere. Direct emissions account for
the majority of greenhouse emissions produced at the plant. In-direct emissions are
experienced through the release of biogas losses in the digester and CHP unit. In-direct
emission production also occurs through the destruction of volatile solids remaining in
the digestate. J.D. Murphy, et al concludes that 10% of the remaining volatile solids in
the digestate will disperse over time, releasing 1.96kg CO2/m3 biogas of digestate
(Murphy, 2004).

3.5.2 Crop harvesting and transport emissions
The production of emissions from burning diesel to grow grass silage, including the
ploughing, seeding, sowing, spreading of manure, harvesting, weed control, silo
compaction etc. are discussed by P.A. Gerin, et al (Gerin et al, 2008). All of these
elements are required to operate a successful crop production system. P.A. Gerin, et al
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state that a kg of diesel fuel will emit 3.64kgCO2/kg (Gerin et al, 2008). Furthermore, it
is devised that a full crop system will burn 79.8kg/ha/a of diesel for grass silage
production. In the analysis of P.A. Gerin, et al, a uniform distance of 10km is assumed
for the transportation of crops to a centralised digester by an 180kW tractor and 50m 3
trailer and includes the return trip which is considered unloaded (Gerin et al, 2008). The
same distance is assumed for the transportation of slurry with the load being
transported by an 180kW truck and a 27m3 slurry tank and also considers the return
journey unloaded (Gerin et al, 2008). P.A. Gerin, et al, states that if grass silage is being
transported to a facility, the transportation will emit 1.20kgCO2/t FM/km (Gerin et al,
2008). The transportation of digestate from grass is also taken into account in these
emission coefficients.

3.5.3 Slurry and digestate transportation emissions
As with the transportation of the energy crops, the transportation of slurry and digestate
will assume the same distance of 10km for each of the facilities in operation. P.A. Gerin,
et al, states slurry manure being transported by an 180kW slurry truck with a 27m3 tank
will emit 0.14kg CO2/t FM/km during the journey (Gerin et al, 2008). An emission rate of
0.14kg CO2/t FM/km is also assumed for the transportation of digestate produced from
the slurry to each individual farm.

3.5.4 Nitrogen emissions
The application of mineral fertiliser and manure to enhance the soil and growing
conditions of each crop also release greenhouse gas emissions. The European
Communities (Good Agricultural Practice for Protection of Waters) Regulations 2009
have derived safe fertiliser application levels for different crops being utilised (IGSI,
2009). The crops being grown in these scenarios are categorised as index 3 application
levels. Therefore, grass silage is allowed 170kg/ha of nitrogen to be spread on the
particular plots of land in question, annually (IGSI, 2009).

3.5.5 Emission output from biogas production
A summary of the greenhouse gas emissions generated by the each scenario are
highlighted in Table 3.4. The combustion of biogas is the biggest contributor to the
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facilities emission production generating 25.4t CO2/ha/a. System losses in the digester
and CHP unit emitted 4.4t CO2/ha/a. The transportation of substrate and digestate
produced 1.1t CO2/ha/a while the grass growing and harvesting system released 0.34t
CO2/ha/a. In total, a grass silage facility with the addition of agricultural slurry will emit
32.5t CO2/ha/a.

t CO2/a
Crop system
Crop transportation
Biogas combustion
Digester losses
CHP losses
VS dissipation
Slurry transportation
Fertiliser
Total emissions output

1a
17
46
1,269
191
31
38
8
27
1,627

1b
50
137
3,808
572
92
115
24
82
4,880

1c
84
228
6,347
953
154
191
41
136
8,133

1d
117
319
8,886
1,334
216
268
57
190
11,386

Table 3.4: Summary of emission production

3.5.6 Emission displacement of fossil fuels
Table 3.5 depicts a summary of the emissions saving potential of a grass silage anaerobic
digestion to CHP facility. As energy crops take carbon dioxide from the atmosphere
during photosynthesis, the growing of grass silage will displace 1.96kg CO2/m3 of biogas
produced from the crop. The growing of grass silage displaces 22.5t CO2/ha/a. The saving
of emissions from the burning of fossil fuels to produce electrical energy is based on the
national grid emission rate. The SEAI has established that on average standard power
stations emit 0.532tCO2/MWh when producing electricity from fossil fuels (Howley et
al, 2008). The emissions savings from electrical energy production from fossil fuels is
13.9t CO2/ha/a. The net carbon dioxide emissions from thermal energy produced from
fossil fuels is based on the burning of kerosene to produce the equivalent amount of
heat generated by the facility. The burning of a tonne of kerosene produces 3.17t CO 2
(Murphy, 2004). The emissions savings from thermal energy production from fossil fuels
is 7.5t CO2/ha/a as kerosene has an energy value of 47.9GJ/t (Murphy, 2004). In total, a
grass silage facility with the addition of agricultural slurry will save 43.9t CO2/ha/a in
comparison to generating energy from fossil fuel exploitation.
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t CO2/a
Grass displacement
Electrical emissions
Thermal emissions
Total emissions saving

1a
1,123
693
377
2,193

1b
3,369
2,080
1,130
6,578

1c
5,614
3,467
1,883
10,964

1d
7,860
4,854
2,636
15,350

Table 3.5: Summary of emission displacement

3.5.7 Net emission savings
The findings of the environmental analysis highlight that significant savings in
greenhouse gas emissions can be made from the development of anaerobic digestion to
CHP when utilising grass silage and agricultural slurry as a substrate. These savings are
highlighted in Table 3.6. In comparison to a national power station which as previously
stated produces 0.532tCO2/MWh, this anaerobic digestion facility has the ability to save
0.434tCO2/MWh of electricity produced.

t CO2/a
Net emissions savings
Energy emission savings rate
(tCO2/MWh)
Electricity emission savings rate
(tCO2/MWh)

1a
566

1b
1,699

1c
2,831

1d
3,964

0.208

0.208

0.208

0.208

0.434

0.434

0.434

0.434

Table 3.6: Summary of net emission savings

3.6

Economic analysis

3.6.1 Capital and operational costs
The capital cost of the facility is determined by deriving an equation using various plants
which have similar characteristics to the facility being considered in this chapter.
Economic data from five facilities has been obtained to derive the capital cost. Inflation
of 3.5% per annum is included in the capital costs of the relevant facilities. Each facility
includes the CHP system in its overall price. The facilities are all wet anaerobic digestion
processes. The derived model uses Figure 3.2 and Equation 3.3 to calculate the capital
cost of such facilities.
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Figure 3.2: Capital cost analytical model
CC = 21080x-0.5367

(Eqn. 3.3)

Where CC is the capital cost of the facility (€/tpa),
x is the quantity of treated substrate (tpa).

The operational costs of the facility include maintenance, overheads, salary of the
operator, and the purchase of the grass silage. Maintenance and overheads are assumed
to be 3% of the capital costs and 10% of the operational costs on an annual basis,
respectively. As in the Austrian facility visited by the authors, the wages of the workforce
are low due to the fact that the facility will be operated primarily by a computer system.
Only one employee is required to operate the system and transfer the feedstock into
the digester. If the facility capacity increased beyond this scale, extra employees may be
required.

3.6.2 Available grants
A 30% SEAI grant is rewarded for eligible capital costs for anaerobic digestion to CHP
projects, with a maximum indicative grant of €1,500,000 being available to one facility.
The smaller of the two is deployed (SEAI, 2008).
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3.6.3 Substrate purchase
Substrate purchase is the most substantial contributor to the annual operational costs
of the facility. The price of feedstock is based on the 2008 cost margins of producing
grass silage in Ireland. The production price of grass silage is €94/t DM (O’Mahony,
2008). As this is the production price of the energy crop it is fair to assume that the
facility will be purchasing the feedstock at a higher price to ensure the farmer creates a
profit. This is not accounted for in the economic analysis but is investigated in the
sensitivity analysis on how the change in feedstock purchase price affects the price of
producing biogas.

3.6.4 Grid connection
The cost of the grid connection is assumed to increase as the scale of the facility
increases, as upgrading of the electrical grid will be required to facilitate the electrical
energy being transferred to the grid. A grid connection fee of €75,000 is assumed for a
CHP unit with a capacity less than 500kWe and €150,000 for a greater than 500kWe
(Mullan, 2009). These are indicative figures based on grid connection upgrade
requirements, such as the distance of the CHP unit from the electrical transformer and
the capacity of the transformer (Mullan, 2009).

3.6.5 Sale of produced energy
In Ireland, the sale of electricity is the primary source of revenue for CHP facilities as
finding a market for the sale of thermal energy can be difficult. From communication
with SEAI, the price of electricity from bioenergy is assumed at 12c/kWh (SEAI, 2008b).
The sale of thermal energy may be achieved by offering a competitive sale rate to
businesses and sectors that require a large amount of thermal energy. From
communication with SEAI, a suitable price for the sale of thermal energy from bioenergy
is assumed at 3.5c/kWh (SEAI, 2008b).

3.6.6 Net annual liabilities
The total capital costs of developing such an anaerobic digestion to CHP facility for each
of the four scenarios investigated is depicted in Table 3.7. Using Equation 3.3, the
capitals costs of total facility including the digester and CHP unit range from €1,252,817
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(€25,056/ha) for a 50ha facility to €3,086,182 (€8,818/ha) for a 350ha facility. With the
inclusion of the SEAI grant and cost of grid connection, the total capital costs range from
€951,972 (€19,039/ha) for a 50ha facility to €2,310,327 (€6,601/ha) for a 350ha facility.

(€)
Cost of facility
SEAI grant
Grid connection
Total Capital

1a
1,252,817
375,845
75,000
951,972

1b
2,084,193
625,258
75,000
1,533,935

1c
2,640,708
792,213
150,000
1,998,495

1d
3,086,182
925,855
150,000
2,310,327

Table 3.7: Summary of capital liabilities

The capital costs associated with developing the entire facility are covered in the annual
liabilities based on a 5% interest rate over a 20 year repayment duration. Table 3.8
highlights the summary of annual liabilities including operational costs of the facility per
annum. Operating costs include maintenance costs which are taken as 3% of the annual
capital liabilities and overheads which account for 10% of the total operating costs. The
price of growing the grass silage accounts for the majority of the operating costs. As the
facility capacity increases the substrate price can become significant.

A 350ha facility will spend €549,364/a preparing grass silage for digestion. P.A. Gerin, et
al state that transportation costs are based on a uniform distance of 10km being
assumed for the transportation of grass silage to a centralised digester by an 180kW
tractor and 50m3 trailer and includes the return trip which is considered unloaded
(Murphy et al, 2004). Such a trip consumes 39l/ha/a of diesel for grass silage. Diesel
consumption for digestate using an 180kW tractor and a 27m 3 tank is specified as
6.6l/ha/a for grass silage and 0.05l/t FM/km for agricultural slurry (Gerin et al, 2008).
The price of diesel is assumed as of March 2009 at €1.21/l. In terms of total liabilities
per annum, such facilities range from 233,419 (€4,668/ha/a) for a 50ha facility to
€899,041 (€2,568/ha/a) for a 350ha facility.
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(€/a)
Annual liabilities:
Capital costs
Operating costs:
Maintenance
Salary
Overheads
Substrate price
Transportation
Total liabilities
Production costs (€/ha)

1a

1b

1c

1d

76,389

123,087

160,364

185,387

37,585
30,000
6,758
78,481
4,207
233,419
4,668

62,526
30,000
9,253
235,442
12,620
472,927
3,153

79,221
30,000
10,922
392,403
21,033
693,944
2,775

92,585
30,000
12,259
549,364
29,446
899,041
2,568

Table 3.8: Summary of annual liabilities

3.6.7 Annual income summary
The annual revenues for such a facility are achieved by the sale of thermal and electrical
energy assuming that there is a demand for all the energy generated. The sale of all the
potential energy provides an income of €4,124/ha/a for each of the four facilities
analysed. The production and sale of power creates 75.9% of the annual revenues, with
thermal energy sales accounting for the other 24.1%. Therefore if the thermal energy
cannot be sold, the net annual income of each facility will be reduced to €3,130/ha/a.

(€/a)
Electricity sales
Thermal sales
Total income
Output sales (€/ha)
Output sales (no heat sales) (€/ha)

1a
156,411
49,788
206,199
4,124
3,130

1b
469,234
149,363
618,597
4,124
3,130

1c
782,057
248,938
1,030,996
4,124
3,130

1d
1,094,880
348,514
1,443,394
4,124
3,130

Table 3.9: Summary of annual income

3.6.8 Summary of net annual losses/profit
Table 3.10 also estimates the potential income annually if all the potential energy is sold
and if a market cannot be determined for the thermal energy. From the analysis, it is
clearly evident that small scale-low demand facilities of 50ha size are not financially
viable even if all the electrical and thermal energy is sold. Such facilities will create a net
annual loss of €544/ha/a increasing to €1,540/ha/a if the thermal energy remains
unsold. Similarly, a 150ha facility will experience an annual loss in revenue of €25/ha/a
if the thermal energy is not purchased. Conversely, a medium scale-high demand facility
of 350ha has the ability to produce a potential income of €560/ha/a if all the electrical
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energy is transferred to the national grid, increasing to €1,555/ha/a if all the thermal
energy is also sold.

(€/a)
Profit margin
Output margin (€/ha)
Profit margin (no heat sales)
Output margin (no heat sales) (€/ha)

1a
-27,220
-544
-77,007
-1,540

1b
145,671
971
-3,692
-25

1c
337,052
1,348
88,114
352

1d
544,353
1,555
195,839
560

Table 3.10: Summary of net annual profit margin

3.7

Sensitivity analysis

3.7.1 Variation of feedstock purchase on net annual profits/losses
A sensitivity analysis on the production price of substrate was conducted and is
highlighted in Figure 3.3. It analyses how the percentage change in production price of
grass silage will influence the potential profit of the facility as such prices fluctuate from
year to year. The quality of grass silage is dependent on favourable weather conditions,
therefore, satisfying the demand of the facility may require additional expenditure if
growing conditions change. When all the energy is purchased, 150ha to 350ha grass
silage facilities still maintain a net profit per annum. Conversely, a 50ha facility requires
a decrease in grass silage production price by over 30% to become economically feasible.
As illustrated by Figure 3.3, the 350ha facility is the most affected by the percentage
change of grass silage production cost with significant increases in annual profit to be
made if the production price can be reduced. A 10% reduction in grass silage production
price will increase the net profit of the facility by €84,936/a.
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Figure 3.3: Feedstock price variation

3.7.2 Variation of available grant on net annual profits/losses
The viability of anaerobic digestion to CHP projects is dependent on the availability of
the SEAI grant, especially if a market cannot be located for the sale of thermal energy.
In the current economic climate, the availability of such a grant is likely to decrease.
Therefore Figure 3.4 investigates the effect which an alteration in the contribution of
the SEAI grant will have on the economic feasibility of such facilities. A 50ha facility
requires a SEAI grant increase of 57% to become financially viable which realistically is
not achievable. This further highlights that small scale–low demand facilities are not
viable for Irish conditions. Each of the other three facilities remain economically viable
even if the SEAI grant is totally removed and all the produced energy is sold. If the SEAI
grant is removed, a 350ha facility will have a decrease in earnings of €74,293/a.
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Figure 3.4: SEAI grant variation

3.7.3 Variation of electrical sale price on net annual profits/losses
At present, the price received for electrical energy produced from anaerobic digestion
to CHP is €0.12/kWh. Indexation of electricity prices means that the price of electrical
energy from anaerobic digestion will not rise in the near future. Although as highlighted
in Figure 3.5, if this situation were to change, substantial profits can be made. Figure 3.5
examines the change in annual profit due to the variation in electricity tariff for facilities
which only sell electrical energy and facilities that sell all of the generated energy. A
50ha facility requires an increase in the price of electrical energy to 18c/kWh and
14c/kWh to become economically viable for facilities selling electricity only and facilities
selling electricity and heat, respectively. Conversely, a 350ha facility will become
financially unfeasible if the in the price of electrical energy decreases to 10c/kWh and
6c/kWh for facilities selling electricity only and facilities selling electricity and heat,
respectively.
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Figure 3.5: Electricity tariff variation

3.8

Conclusions

In conclusion, the viability of small to medium scale anaerobic digestion to CHP utilising
grass silage as a substrate is achievable on a technical, environmental and economic
basis in Ireland. Such a facility performs as follows:
-

Such a facility has the ability to power 9.9 houses and heat 1.6 houses through
the digestion of one hectare of grass silage with the addition of 59t of agricultural
slurry per annum;

-

In total, 13,421m3/ha of biogas is produced, consisting of 11,458m3/ha from
grass silage and 33.3m3/t from agricultural slurry;

-

Total biogas losses of 3.5% are experienced reducing the amount of biogas
available for energy production to 12,953m3/ha with an energy content of
265GJ/ha;
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-

The development of one 350ha hectare facility can provide electrical and
thermal energy to 2.8% and 0.4% of all the privately owned households in County
Cork the largest county in Ireland;

-

Environmentally, emissions savings of 0.434t CO2/MWh are achievable in
comparison to an emissions production rate of 0.532t CO2/MWh by an average
national power station utilising fossil fuels;

-

This equates to an emissions saving of 11.3t CO2/ha for an agricultural anaerobic
digestion facility in terms of land area;

-

Economically, a 50ha facility is not financially viable. A 150ha facility must sell all
of the electrical and thermal energy produced to remain economically viable.
Therefore, it is transparent that small scale facilities are not economically
sustainable in Ireland at present;

-

A 250ha facility achieves a net annual profit of €352/ha if only the electrical
energy is sold. The profit increases to €1,348/ha if a market can be located for
the thermal energy;

-

Similarly, a 350ha facility generates a net annual profit of €560/ha increasing to
€1,555 if all the energy can be purchased. The increase in capacity of an
anaerobic digestion to CHP facility, the greater the economic potential;

-

The capability to guarantee a sustainable market for the sale of thermal energy
greatly enhances the viability of such a facility. Sensitivity analysis highlights that
a 250ha facility loses €996/ha if a market for thermal energy cannot be
developed; and

-

Another influencing factor on the financial feasibility of such a facility is the
annual cost of producing grass silage. Further sensitivity analysis concludes that
a 50ha facility requires over a 30% decrease in the cost of producing grass silage
to become economically viable.

Following the observations of the analytical model the authors have developed the
following recommendations:
-

Grass silage should be incorporated in renewable energy production through
anaerobic digestion to CHP in Ireland;
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-

Anaerobic digestion to CHP can successfully treat surplus quantities of
agricultural slurry;

-

The SEAI grant of 30% of the total capital cost of a facility is imperative to the
development of an anaerobic digestion to CHP infrastructure in Ireland. The
grant is an incentive to potential clients interested in renewable energy
development;

-

The price of electrical energy needs to be adapted to allow small scale facilities
to become economically capable in Ireland. An increase from 12c/kWh to
14c/kWh would allow a 50ha facility become economically feasible if all the
produced energy is purchased. The electricity tariff should be dependent on the
size of the facility; and

-

Finally, the development of two 350ha facilities in County Cork. This would
supply electrical energy to 5.6% of the private householders residing in the
county while benefiting the development of sustainable farming.

3.9

Chapter reflection

3.9.1 Motivation
In 2014, there were 30 AD facilities in Ireland producing 30MW of energy; 11 of these
facilities were recovering landfill gas and 17 were traditional biogas facilities (Cré, 2016).
Of these 30 sites, the majority are producing heat and electricity through CHP utilisation.
Therefore, the author was motivated to determine the technical, economic and
environmental capability of a technology that is currently in operation in Ireland but
where such performance analysis is not readily available. It is the intention that the
performance outputs of this investigation into AD to CHP in Ireland will act as a
benchmark to compare and contrast the other main AD utilisation technology, namely;
biomethane as a transport fuel which has yet to be developed in Ireland and is the key
focus of this thesis.

In terms of this research into the potential of AD as an energy source utilising CHP in
Ireland, the parameters investigated by the author and the associated reasoning are as
follows:

86

Policies required to encourage biomethane as a transport fuel

-

The feedstock examined for the production of biogas from AD comes from
agricultural residues, namely; grass silage and animal slurries (pig & cows). Grass
silage occupies the largest land area of any crop in Ireland, is easy to grow and
does not require a complex supply chain to provide as a feedstock in comparison
to OFMSW or slaughterhouse waste. Animal slurries offer a plentiful (over
50,000,000tpa in 2007) and readily available form of feedstock for agricultural
digestion and again does not require a complex supply chain to provide this
waste feedstock;

-

The capacity of the AD facility under investigation is on a small to medium scale
ranging from 50ha (2 average sized farms in Ireland) to 350ha (11 such farms).
As the AD market in Ireland is in its infancy, the author believes that small to
medium scale development has the most potential to succeed initially due to
lower investment costs and lower numbers of feedstock producers required to
commit to a new industry. Once the AD market is well established and gains
investment confidence, the size of the facilities can increase significantly to tap
the large resources available for renewable energy production; and

-

The utilisation of grass silage and animal slurry as a combined feedstock is best
utilised in the ‘wet’ AD process which operates in the mesophilic range of 39°C.
Conversely, the digestion of OFMSW typically occurs utilising a ‘dry’ AD process
which operates in the thermophilic range of 55°C, requires significantly greater
investment and has higher operating costs:
-

A 20,000tpa “wet” agricultural digestion facility required investment of
approximately €2,000,000 (Table 3.7) while the equivalently sized ‘dry’
OFMSW facility required investment of approximately €15,000,000
(OWS, 2010);

-

A 20,000tpa “wet” agricultural digestion facility has annual operating
costs of approximately €100,000 (Table 3.8) while the equivalently sized
‘dry’ OFMSW facility has annual operating costs of approximately
€570,000 (OWS, 2010).

Therefore, the author believes that an agricultural ‘wet’ AD process is best placed
to initiate a biogas market for energy production in Ireland as the investment
required is significantly less than a ‘dry’ AD facility.
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3.9.2 Important learnings
This chapter has undertaken a detailed analysis of the potential of agricultural AD to CHP
in in Ireland on a technical, environmental and economic basis in which the key findings
are as follows:
-

From the analysis conducted it is evident that AD to CHP is financially viable in
Ireland when utilising agricultural residues such as animal slurries and grass
silage once all of the produced electrical and thermal energy is sold. The only
exception is the small scale-low demand scenario which suffered a financial loss
of €27,220/a;

-

However, in an Irish context the ability to sell the facility’s produced thermal
energy is a significant obstacle as a market to sell heat is insignificant. There is a
distinct lack of a residential districting heating infrastructure in Ireland with less
than 1% of the heat market being met by district heating which is one of the
lowest in the EU (SEAI, 2016). Therefore, an agricultural AD to CHP facility needs
to be located near a commercial or industrial development with a large heat
requirement or have a large in-house demand which is a substantial constraint
for this technology when utilising agricultural feedstocks;

-

The second obstacle to consider is that this technology is heavily subsidised by
governmental grants in the economic analysis undertaken:
-

A capital cost grant of 30% was available from the SEAI for the
construction of an AD to CHP facility which was capped at €1,500,000.
However, since this analysis was completed, this SEAI grant has been
terminated which places significant financial burden on AD to CHP
developers. For example, the unavailability of this grant will decrease the
earnings of a 350ha facility by €74,293/a;

-

The other main financial subsidy to consider is the sale price of the
produced electricity at 12cent/kWh which is the equivalent of the REFIT
3 tariff (12cent/kWh to 14cent/kWh) currently being subsidised by the
Irish Government. The ability to obtain the REFIT 3 tariff for AD to CHP is
due to expire in 2019 which has a significant impact on the viability of
such facilities. As previously stated in this analysis, a 350ha facility will
become financially unfeasible if the price of electrical energy decreases
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to 10c/kWh and 6c/kWh for facilities selling electricity only and facilities
selling electricity and heat, respectively; and
-

From an environmental perspective, the introduction of an agricultural AD to
CHP industry in Ireland has the ability to significantly reduce GHG emissions by
saving 11.3t CO2/ha of grass silage land area digested in comparison to the
equivalent quantity of energy produced by a power station in Ireland.

3.9.3 Focus going forward
Chapter 3 has highlighted both the merits and obstacles of AD to CHP from agricultural
residues on a small to medium scale in Ireland. It is clearly evident that the larger the
facility, the greater potential for financial performance once subsidised by government
grants and tariffs. However, there is a risk that policy direction can shift and such
subsidies can be withdrawn (as seen with the SEAI AD to CHP capital grant). The absence
of a high demand market for thermal energy is also a contributing factor that has led the
author to investigate the viability of another AD technology, namely; biomethane as a
transport fuel.

Therefore Chapter 4 will apply the technical and economic analysis deployed in Chapter
3 to benchmark the utilisation of biomethane as a transport fuel against the more
mature biogas to CHP to determine if biomethane is a more effective economic solution
as a biogas technology in Ireland. In addition, maize and barley are introduced as AD
feedstocks in the analysis to determine if dedicated energy crops can increase biogas
production in Ireland. Finally, once the optimum biogas technology is determined for
Ireland, Chapter 4 will identify strategic locations where the associated AD facilities
should be developed based on feedstock availability.
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4.0 Which is the preferable biogas utilisation technology for
anaerobic digestion of agricultural crops in Ireland: Biogas
to CHP or biomethane as a transport fuel?

Abstract
The utilisation of anaerobic digestion to produce biogas as an energy source is a mature
technology in many European countries but is yet to be developed in Ireland. In 2009,
the EU issued the Renewable Energy Source Directive 2009/28/EC which requires a 20%
share of renewable energy sources (heat and electricity) in final energy consumption for
all member states, respectively, including a 10% share of biofuels in the transport sector
by 2020. The introduction of biogas to produce power and electricity in the form of CHP
technology and biomethane as a transport fuel can help Ireland achieve the mandatory
targets set by the directive. The key focus of the paper is to determine the optimum
small to medium scale biogas technology and the impact the introduction of that
technology infrastructure will have on renewable energy targets for Ireland. In terms of
feedstock, agricultural sources such as energy crops and slurry offer a sustainable input
to the anaerobic digestion process. The crop rotations under consideration consist of
different arrangements of grass silage, maize silage and barley. Grass silage is found to
be the most suitable crop for biogas energy production while biogas upgrading to
biomethane as a transport fuel has the optimum technology potential in Ireland. To fuel
a car operating on biomethane, 0.22 ha of grass land is required annually. Full scale
national development of 5% of the area under grass in Ireland will contribute 11.4% of
renewable energy to the total final transport energy demand by 2020, surpassing the
target set by the Renewable Energy Source Directive 2009/28/EC.

Publication details: Goulding D & Power NM, “Which is the preferable biogas utilisation
technology for anaerobic digestion of agricultural crops in Ireland: Biogas to CHP or
biomethane as a transport fuel?” Renewable Energy, Volume 53, May 2013, Pages 121
to 131. http://dx.doi.org/10.1016/j.renene.2012.11.001
This publication currently has 30 citations.
90

Policies required to encourage biomethane as a transport fuel

4.1

Introduction

4.1.1 Background
Anaerobic digestion is a tried and tested technology in many parts of mainland Europe
with countries such as Austria and Germany delivering different degrees of anaerobic
digestion application success. At present, Austria has over 600 anaerobic digestion
facilities, 350 of which are agriculturally orientated (Smyth et al, 2010). At an elevated
level, there are 4,500 biogas facilities in Germany which utilise approximately 530,000
ha of agricultural land area, employing over 11,000 people (Weiland, 2010). However,
the development of biogas technologies in Ireland has been significantly slower than its
successful European biogas producing counterparts, with only a handful of facilities
operating across the country.

In 2007, fossil fuel usage accounted for 96% of the energy generated in Ireland (Howley,
2008). The European Union (EU) is committed to producing energy in a sustainable
manner. The EU community recently introduced the Renewable Energy Source Directive
2009/ 28/EC which requires a 20% share of renewable energy sources in final energy
consumption in each member state by 2020. Directive 2009/28/EC allows individual
member states to decide how to achieve the target through electrical and thermal
renewable energy utilisation. The Directive also requires a 10% share of renewable fuels
in the transport sector by 2020 (EU, 2009). Directive 2009/28/EC promotes the use of
biofuels however; there are concerns that biofuels can have adverse effects on
environmental, economic and social issues. Such apprehensions must be considered
when developing biogas infrastructure.

Biogas can be utilised in a number of different manners. Biogas to CHP production is a
trusted technology. Similarly, biogas can be upgraded to biomethane by removing
carbon dioxide (CO2) and other impurities to leave 97% methane (CH4) in the gas.
Biomethane can be utilised as a transport fuel or injected to a nearby gas grid. Smyth et
al. states that biogas and biomethane production from agricultural resources such as
grass silage has strong potential in temperate climate countries such as Ireland (Smyth
et al, 2010).
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4.1.2 Focus of paper
The key focus of the paper is to determine the optimum biogas technology and the
impact the introduction of that technology infrastructure will have on renewable energy
targets for Ireland. Works of a similar type have been conducted in Ireland before, but
never on a small to medium scale. Murphy et al. investigated the viability of large scale
biogas to CHP for various feedstocks in Ireland (Murphy et al, 2004). Murphy & Power
analysed the feasibility of biomethane produced from grass as a sustainable biofuel in
Ireland (Murphy & Power, 2008). This paper will determine whether biogas to CHP or
biomethane production as a transport fuel is the optimum sustainable energy system
for Ireland.

The paper aims to focus on agricultural digestion of four different crop rotations with
the addition of agricultural slurry being investigated. The crop rotations in question
consist of different arrangements of grass silage, maize and barley. The feasibility of the
digestion process for different crop rotations and technologies will be analysed under
technical and economic conditions taking a “cradle to grave” life cycle approach.

In 2008, renewable resources accounted for 11.9% and 3.6% of Ireland gross electrical
and thermal energy production, respectively (Howley, 2009a). Ireland is over 99%
dependent on imported oil products to provide energy in the transportation sector
(Howley, 2009b). In 2010, the Irish government delivered the National Renewable
Energy Action Plan (NREAP) to the EU which set indicative targets of 40%, 12% and 10%
renewable energy share in gross energy production for electrical (RES-E), thermal (RESH) and transport (RES-T) energy in Ireland by 2020, respectively (DCENR, 2010). This
paper will look at the viability of introducing a pilot scale agricultural digestion
infrastructure in Ireland and analyse its contribution to the Irish energy sector and the
NREAP targets.

4.1.3 Objective of paper
The key objectives of the paper are to determine the following:
-

What is the optimum crop rotation for small to medium agricultural anaerobic
digestion in a country with a temperate climate, such as Ireland?
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-

How do small to medium scale agricultural digestion facilities perform
economically in an Irish context?

-

How could future changing parameters such as the sale price of energy
generated from anaerobic digestion affect the economic performance of biogas
digestion facilities?

-

Does biogas to CHP or biomethane as a transport fuel provide the optimum
technical and economic biogas system for Ireland? and

-

Where can the optimum biogas technology facilities in Ireland be located and
what degree of penetration will the optimum technology have into its
prospective market and the relevant NREAP RES targets?

4.2

Agriculture digestion in Ireland

4.2.1 Agricultural land use
Ireland has a land area of 6.8million ha with 68% being occupied by agricultural land
(OSI, 2010; CSO, 2010a). Of this agricultural land, approximately 91% is under grasslands
with only 9% of arable land remaining (CSO, 2010b). As grass occupies the largest land
area in Ireland, it will be assumed to be the primary crop under consideration in the
derived rotations. Grass yields in Ireland are among the highest in Europe with higher
yields leading to higher efficiency per ha (Dillon, 2008).

4.2.2 Agricultural slurries
Singh et al estimates that total slurry production in Ireland is approximately 34.89Mt,
annually (Singh et al, 2010). Singh et al. also describe a number of factors which affect
the biogas potential of slurry. Such factors include; collection methods, total solids (TS),
volatile solids (VS) content and the digester degradation efficiency (Singh et al, 2010).
The anaerobic digestion of agricultural slurry from pigs and cattle is a sustainable
method of treating excess waste. The Nitrates Directive (91/676/EEC) aims to reduce
the amount of nitrogen from farm waste entering Irish waters (EU, 1991). The Directive
has a knock on consequence on agricultural waste management and new ways of
handling agricultural waste such as anaerobic digestion are required.
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4.2.3 Energy crops versus food shortages
The uncertainty of the fossil fuel energy market has sparked the rapid development of
energy generation from crops such as rapeseed, wheat and sugar cane while many thirdworld countries have experienced mass food shortages in recent times. As previously
highlighted in 3.2.1 (which analysed the contribution which biogas from grass silage can
make to electrical and thermal energy production in Ireland), strong consideration must
be given when utilising energy crops to ensure that biogas production does not
negatively impact on food supplies (animal or human) or create adverse ILUC
implications. Grass silage is not a typical food crop and therefore will not increase
tensions in the International food market. This paper will also focus on the potential of
barley and maize as an energy generator with potential ILUC implications and the energy
crop versus food shortage debate in mind. Therefore, maize and barley will be analysed
as secondary crops with grass silage being the main energy contributor to the paper.

4.2.4 Anaerobic digestion in Ireland
The development of a biogas industry in Ireland has been extremely slow to date with
no significant capital investment being placed in such technology infrastructure. There
are only a handful of privately owned anaerobic digestion facilities operating in Ireland
at present. To put this in context, there are approximately 4,500 digestion facilities in
Germany alone. The Sustainable Energy Research Group in University College Cork has
conducted significant investigation into biogas technology and strongly feels that it can
contribute to reaching the Renewables Directive targets (Murphy, 2011). One of the
limiting factors for producing biogas from anaerobic digestion is certainty of feedstock
supply. Such a problem does not exist in Ireland, as grass and agricultural slurry are in
abundant supply.

4.2.5 Biogas utilisation technologies
The utilisation of biogas as an energy source is a proven technology in other European
countries. CHP systems provide greater economy and efficiency as they produce two
energy outputs (heat and electricity) from one operation. One of the main advantages
of utilising biogas to CHP is that the gas does not require upgrading and can be deployed
in the system without modification after its production. The infrastructure required to
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develop biogas to CHP is less complex than utilising biogas as a transport fuel, as the
development is on a more localised scale. This localised scale also has a disadvantage in
an Irish context. Finding a market for the heat can be difficult as there is no history of
district heating and even if district heating was popular, for an agricultural digester there
may not be a nearby market available. The thermal energy could be used to dry
woodchips or to heat pig housing units. Finding a market for the electricity may be easier
but a contract must be signed between the operator of the digester and the Electricity
Supply Board Network in Ireland. A fee for connecting to the grid is another
requirement; this fee is based on the cost of upgrading the grid in the vicinity of the
digester, for example, grid transformers may require upgrading.

The utilisation of biogas as a transport fuel is becoming increasing popular around the
world. Natural gas vehicles (NGVs) can also be operated on biogas providing the biogas
is upgraded to natural gas quality. Upgrading of biogas is paramount when deployed as
a transport fuel, as high contaminant levels can destroy a car engine and damage the
integrity of the national gas grid if not reduced to an acceptable standard. This has
practical implications as Ireland currently does not have a biomethane standard for
injecting biomethane into the national gas grid and this places a limit on the
transportation of gas. Biomethane also has an additional limitation as there is no history
of biomethane or NGVs in Ireland, as such there is very little infrastructure in place.

4.3

Methodology

4.3.1 Concept of analysis
The concept of analysis will focus on the technical and economic feasibility of biogas to
CHP and biomethane. The comparison of the technologies will be based on the
performance of the facility per tonne (t) of feedstock utilised. The determination of the
optimum technology is based on net profit per hectare of land area (€/ha). The analysis
of a generic model of an agricultural anaerobic digestion facility with the addition of CHP
technology is conducted for grass silage, maize and barley with the addition of
agricultural slurry in different crop rotations. The model configuration is set up under
wet process conditions and is controlled in the mesophilic temperature range. The
biomethane facility model is based on the same wet digestion process conditions and
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feedstock quantities as the CHP model with the addition of the biomethane upgrading,
compression and distribution systems technologies and the removal of the CHP unit.

4.3.2 Crop rotations under consideration
Four different facility capacities are examined with each facility deploying four different
land areas ranging from small scale (low demand) to medium scale (high demand). The
land areas of the scenarios are highlighted in Table 4.1 with a small (low demand) facility
occupying 50 ha of land. A 50 ha facility would require the co-operation of two farms
based on the average farm size being 32.3 ha in 2007 (CSO, 2010a). The largest scenario
derived is a medium scale (high demand) facility occupying 350 ha of land. A total of
sixteen biogas scenarios are modelled on a technical and economic basis as four crop
rotation systems are analysed.

The crop rotation arrangement illustrated in Table 4.1 highlights the breakdown of each
land area for each scenario under consideration. As grass silage occupies the largest land
area in Ireland, it was decided that it would be the main crop in all of the derived
rotations. Barley and maize were also chosen for the crop systems as barley is the most
popular cereal crop produced in Ireland and maize has a high yield per ha.

Scenarios investigated
1a.
Small scale –
Low demand
(50ha ≈ 2 farms)
1b.
Small scale –
High demand
(150ha ≈ 5 farms)
1c.
Medium scale –
Low demand
(250ha ≈ 8 farms)
1d.
Medium scale –
High demand
(350ha ≈ 11 farms)

(ha)
Grass 50
2a.

Grass 150

Grass 250

Grass 350

Grass
Maize
Barley
2b. Grass
Maize
Barley
2c. Grass
Maize
Barley
2d. Grass
Maize
Barley

(ha)
25
12.5
12.5
75
37.5
37.5
125
62.5
62.5
175
87.5
87.5

3a.

(ha)
Grass 37.5
Barley 12.5

4a.

(ha)
Grass 37.5
Maize 12.5

3b. Grass 112.5 4b. Grass 112.5
Barley 37.5
Maize 37.5
3c.

Grass 187.5 4c.
Barley 62.5

Grass 187.5
Maize 62.5

3d. Grass 262.5 4d. Grass 262.5
Barley 87.5
Maize 87.5

Table 4.1: Crop rotation arrangements and land areas under consideration
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4.3.3 Crop characteristics
Biogas production is calculated by analysing how much biogas one kg of biodegradable
solids (BS) will produce. The composition of biogas into CH4 and CO2 is also considered
for each of the three crops digested. The analysis is conducted using the biogas
production Equation (4.1) below by utilising the elemental breakdown CaHbOcNd of each
crop [20];

CaHbOc + (a - b/4 – c/2)H2O → (a/2 + b/8 + c/4)CH4 + (a/2 - b/8 + c/4)CO2

(Eqn 4.1)

Smyth & Murphy deploy an elemental breakdown of grass silage of C28.4H44.5O17.7N
(Smyth, 2009). Loomis & Lafitte establish that the elemental breakdown of maize is
C39.86H64.94O30.86N (Loomis & Lafitte, 1987). Power derives that elemental breakdown of
barley is C24.325H41.3O20.69N (Power, 2007). From the elemental breakdown of each crop
under consideration and the biogas production equation above, it is derived that grass
silage has the highest production rate with 0.953 m3 biogas/kg BS and a CH4 content of
54%, maize produces 0.862 m3 biogas/kg BS and a CH4 content of 51% while barley
creates 0.821m3 biogas/kg BS and a CH4 content of 49.9%. In relation to energy
production of digested solids, 1 kg of biodegradable solids from grass silage produces
19.42 MJ of energy, maize produces 16.60 MJ and barley creates 15.49MJ.

4.3.4 Slurry characteristics
Marcato et al. found that the elemental breakdown of agricultural slurry is
C9.42H1.35O4.47N (Marcato et al, 2009). By deploying the biogas production equation it is
established that agricultural slurry creates 1.137 m3 biogas/kg BS. Murphy et al. states
that the energy value of agricultural slurry is assumed to be 21 MJ/kg BS and a standard
CH4 concentration of 55% (Murphy et al, 2004).

4.4

Technical analysis of digestion process

4.4.1 Biogas digestion conditions
The technical analysis of each crop rotation is undertaken using the growing conditions
and digestion criteria in Table 4.2. The high grass yield is based on three cuts per annum
and maize is assumed to be grown under plastic; a common agricultural policy in Ireland.
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The volatile solids content and biodegradable solids content of each feedstock are
considered. The addition of slurry is deployed to the digestion process to compliment a
wet digestion process. This will also improve the biogas yield of the process.

Digestion
parameters a/

Yield

TS content

VS content
(as a % of the TS)

BS content
(as a % of VS)

Grass silage
Maize silage b/
Barley
Slurry

14.0t DM/ha c/
16.5t DM/ha f/
6.9t FM/ha g/
~

22% d/
36% h/
82% e/
6% i/

90% d/
96% h/
86% e/
75% i/

80% d/
83% h/
67% e/
65% i/

Notes: a/ TS= Total Solids, VS= Volatile Solids, BS= Biodegradable Solids, DM = Dry Matter, FM = Fresh Matter.
b/ Maize under consideration is grown covered under plastic in Ireland.
c/ Ref: (Smyth, 2009), d/ Ref: (Goulding et al, 2010), e/ Ref: (Power, 2007), f/ Ref: (DAF, 2006), g/ Ref: (CS0, 2008),
h/ Ref: (Kirchmayr, 2010), i/ Ref: (Murphy, 2004)

Table 4.2: Growing and digestion criteria of crops under consideration

4.4.2 Addition of slurry
The digester deployed is a continuously stirred two-stage reactor (CSTR) and the
digestion is assumed to be a wet process. Therefore, the addition of agricultural slurry
is required to change the solids content of the facility to 15%. Wet digestion operates
optimally at approximately 15% solids. Pig and cattle slurries are a readily available
entity in the agricultural sector and as silage production is generally applicable to
livestock farming it seems logical to utilise a combination of the two feedstocks. The
utilisation of slurry in anaerobic digestion provides an environmentally friendly method
of disposal. The addition of slurry (t/a) is obtained using the derived Equations (4.2) and
(4.3) highlighted below:

Total DM slurry = [((DM crops ÷ 0.15) - FM crops) ÷ 10]

(Eqn 4.2)

Total FM slurry = Total DM slurry ÷ MC slurry

(Eqn 4.3)

Where DM, is the dry matter of the feedstock (t);
FM, is the fresh matter of the feedstock (t); and
MC, is the moisture content of the feedstock (t).
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4.4.3 Final biogas output
The final quantity of feedstock required for each rotation is given in Table 4.3. Scenario
4 (grass silage and maize) has the largest quantity of feedstock being feed into the
digester and also produces the most biogas from the process with 12,312m3/ha/a. A visit
by the authors to a biomethane upgrading facility in Sweden, found that typical biogas
losses in their digester are consistently 3% (Bertil, 2010). Therefore, the final biogas
output of the digester for scenario 4 is 11,943 m3/ha/a. Scenario 1 (grass silage) is the
second best performer in terms of biogas output as it generates only 8.7% less biogas
than scenario 4. Scenario 3 (grass and barley) is the poorest performer as it outputs 23%
less biogas than scenario 4.

Quantity of crops digested
(t/ha)
Addition of slurry required
(t/ha)
Total solids (t/ha)
Volatile solids (t/ha)
Biodegradable solids (t/ha)
Biogas produced (m3/ha)
Biogas losses in digester
(m3/ha)
Biogas to technology (m3/ha)
Remaining digestate (t/ha)

Scenario 1
63.6

Scenario 2
45.2

Scenario 3
49.4

Scenario 4
59.4

49.5

65.4

49.9

65.0

113.1
14.8
11.5
11,246
337

110.9
14.6
11.2
10,597
318

99.4
12.9
9.8
9,531
286

124.6
16.5
12.9
12,312
369

10,908
101.5

10,279
99.7

9,245
89.5

11,943
111.7

Table 4.3: Biogas production per hectare for scenarios under consideration

Therefore, in terms of biogas output per ha, maize is ranked as the number one biogas
producing feedstock in an Irish context; grass silage is second, while barley is the poorest
performer. It should be noted that grass silage performs very well and has the advantage
over maize that it is not as climate dependent, giving a more consistent yield annually
regardless of weather conditions. Maize is the preferable crop in terms of biogas
production due to its high dry matter content per ha and higher TS, VS and BS in
comparison to the other crops considered (Table 4.2). The lower yield of barley per ha
can be attributed to a lower DM content and lower BS.
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4.5

Technical comparison of biogas technologies

4.5.1 Technical output of biogas to CHP
The internal energy requirement of the biogas to CHP facility is assumed to be
proportional to a similar facility visited by the authors in Austria (Kirchmayr, 2010; IEA,
2012). This facility is a wet digestion facility treating 50,000 tpa of maize silage and pig
slurry, producing heat and electricity for a 1MWCHP unit (IEA, 2012). A biogas to CHP
facility has the key advantage of being able to satisfy its internal energy requirements
from energy produced on-site. No importing of electricity is needed. The internal
electrical energy requirement for the facility is approximately 6.9% of the total electricity
produced by the CHP unit and is utilised to operate the computer support system and
electrical components (pumps, mixing units, etc.) which operate the plant (IEA, 2012).
The internal thermal energy requirement of the facility is based on a rise of temperature
of 27°C in the digester (feedstock arrives at 10°C and optimum digester temperature is
37°C) with an energy requirement of 3.77 kJ/kg of feedstock/°C, as used by Murphy et
al. (Murphy et al, 2004). This requirement will be satisfied by the required proportion of
heat produced by the CHP unit. It is assumed that the remaining thermal heat (circa
87%) produced is available for purchase. The electrical and thermal efficiencies of the
Austrian facility (provided by the plant operator during a site visit by the authors) are
38% and 39%, respectively (Kirchmayr, 2010). Typical biogas losses in the CHP unit are
0.5% (COSPP, 2009).

Biogas losses in CHP unit (m3/ha)
Energy to CHP (GJ/ha)
Electricity production (kWh/ha)
Internal electrical energy
requirement (kWh/ha)
Electricity for purchase (kWh/ha)
Hectares to power a house (ha/a)
Heat production (kWh/ha)
Internal thermal energy
requirement (kWh/ha)
Heat for purchase (kWh/ha)
Hectares to heat a house (ha/a)

Scenario 1
54.5
222
23,463

Scenario 2
51.4
206
21,701

Scenario 3
46.2
188
19,797

Scenario 4
59.7
240
25,368

1,619

1,497

1,366

1,750

21,844
0.24
24,080

20,204
0.26
22,272

18,431
0.28
20,318

23,617
0.22
26,035

3,197

3,135

2,810

3,523

20,883
0.78

19,137
0.85

17,508
0.93

22,512
0.72

Table 4.4: Biogas to CHP output performance per hectare for scenarios under
consideration
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The number of houses powered is based on the single house electrical requirement of
5,170 kWh/house/a, while the number of houses heated is based on the single house
heat requirement, of 58.4 GJ/h/a (Howley et al, 2012). Table 4.4 summarises the final
electrical and thermal output of each of the four biogas to CHP scenarios under
consideration. Scenario 4 which is the optimum technical performer generates 23,617
kWh/ha and requires 0.22 ha to provide electricity for one house annually. In terms of
providing thermal energy, this rotation produces 22,512 kWh/ha/a with 0.72 ha of land
area required to heat a house for one year. Conversely the poorest performer, scenario
3 requires an additional 0.06 ha and 0.21 ha to power and heat one house per year,
respectively.

4.5.2 Technical output of biomethane
The satisfaction of the internal energy requirement differs for a biomethane facility as
the electrical energy is imported from the national grid as there is no CHP unit on-site.
Electrical energy is required to operate the digester, upgrading unit and compression
system which compress the biomethane to a pressure of 200 bar to make it compatible
with the distribution stations. The Swedish facility satisfies the internal thermal energy
requirement utilising the produced biogas from the digester in a gas fired boiler with an
efficiency of 85%. Again, it is assumed that a change of temperature of 27°C (feedstock
arrives to digester at 10°C) is required to increase the temperature of the digester to
37°C which requires an energy input of 3.77 kJ/kg/°C (Murphy et al, 2004).

Murphy & Power state that the typical electrical requirement of the low solids anaerobic
digester is 10 kWh/t (Murphy & Power, 2008). The Swedish biomethane facility
estimates that the electrical requirement of both the upgrading and compression units
is 0.35 kWh/m3 of biomethane transformed in the system (Bertil, 2010). The internal
energy requirement of the facility is highlighted in Table 4.5 with scenario 4 having the
highest internal energy requirements for both electricity and heat with 5,267 kWeh/ha
and 777 m3/ha required, respectively. To satisfy the heat demand, the gas boiler
requires 6.5% of the biogas produced by the wet anaerobic digestion process.
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Electrical requirement:
Digester (kWh/ha)
Up-grading (kWh/ha)
Compression (kWh/ha)
Total electrical requirement (kW/ha)
Thermal requirement:
Digester @ 37°C (GJ/ha)
Biogas for thermal energy (m3/ha)
Note:

Scenario 1

Scenario 2

Scenario 3

Scenario 4

1,131
1,881
1,881
4,892

1,109
1,662
1,662
4,432

994
1,568
1,568
4,130

1,246
2,011
2,011
5,267

11,509 a/
691b/

11,288
699

10,115
613

12,682
777

a/ The

crops arrive into the digester at 10°C, the digester requires 37°C to perform optimally, increasing the
temperature by 27°C. The energy value for is calculated as follows: 3.77kJ/kg/°C*27°C*113.1t TS/ha =
11,509GJ;
b/ The total internal thermal energy requirement from the gas fired boiler is calculated as follows:
((11,509GJ ÷ 1000) x (1000 ÷19.6MJ/m3)/0.85 = 691m3/a of biogas.

Table 4.5: Biomethane internal energy requirement per hectare for scenarios under
consideration

The biomethane production capabilities of the scenarios under consideration are
depicted in Table 4.6. Typical biogas losses in the Swedish upgrading system are
consistently 1.6% (Bertil, 2010). Scenario 4 loses 191 m3/ha of biogas annually through
upgrading system losses. Therefore, scenario 4 converts 10,975 m3/ha of biogas to 5,745
m3/ha of biomethane, leaving a CH4 concentration of 97%. The typical efficiency of
natural gas cars and buses are 14.12 km/m3 and 2.1 km/m3 based on biomethane
industry data, respectively [20]. A car travelling an average distance of 16,895 km/a on
biomethane produced from scenario 4 will require 0.21 ha of land, annually. A bus
travelling 59,000 km/a from the same scenario will require 4.9 ha annually. Conversely,
scenario 3 requires 0.27 ha and 6.3 ha to fuel an equivalent car and bus each year,
respectively.

Biogas losses in upgrading
(m3/ha)
Biogas for heat (m3/ha)
Biogas for upgrading (m3/ha)
Methane in biogas (%)
Biomethane (m3/ha)
Hectares to fuel a car (ha/a)
Hectares to fuel a bus (ha/a)

Scenario 1

Scenario 2

Scenario 3

Scenario 4

174
691
10,043
1.04
5,374
0.22
5.2

164
699
9,416
0.98
4,748
0.25
5.9

148
613
8,483
1.02
4,480
0.27
6.3

191
777
10,975
1.02
5,745
0.21
4.9

Table 4.6: Biomethane output performance per hectare for scenarios under
consideration
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4.5.3 Technical comparison of technologies
From a technical perspective, scenario 4 is the optimum performer in terms of biogas
output per ha, for both CHP utilisation and biomethane transport fuel production.
Scenario 1 also performs favourably in terms of the biomethane creation. The addition
of barley to scenarios 2 and 3 significantly reduces the biogas potential and energy
utilisation of each rotation. This is due to a low yield per ha and lower biodegradable
solids production rate than grass silage and maize. Scenario 4 requires 0.22 ha and 0.72
ha to power and heat a domestic home respectively and 0.21 ha to power a car,
annually. Therefore, 1.15 ha of a scenario 4 crop rotation will provide all the required
energy for a domestic dwelling and a natural gas car per annum. Scenario 1 requires 1.24
ha to provide the same quantity of energy which equates to an 8% increase in land area.

Scenario 4d utilises 350 ha of land annually, digesting 20,873t of energy crops and
22,734t of agricultural slurry. With reference to CHP utilisation, the anaerobic digestion
facility produces 4,159,180 m3/a of biogas which generates 8,266,083 kWhe/a of
electricity and 7,879,374 kWht/a of thermal energy, powering and heating 1599 and 486
houses each year, respectively. As a transport fuel, scenario 4d generates 2,010,630
m3/a of biomethane which will fuel 1680 cars per annum.

4.6

Economic comparison of biogas technologies

4.6.1 Capital investment of technologies
4.6.1.1 Anaerobic digestion to CHP

The capital cost model of a wet anaerobic digestion facility with CHP technology is
determined by deriving an equation using various existing plants which have similar
characteristics to the facility considered. Economic data from five facilities have being
obtained to derive the capital cost model as highlighted in Equation (4.4). The data
includes two industry quotations for proposed developments in Ireland, two existing
operational facilities in Sweden and one existing operational facility in Austria that was
visited by the authors. Each facility includes the CHP system in its overall price. To derive
the equation, the capital cost of each facility in €/tpa of feedstock is graphed against the
capacity of each facility. The best fit line is then placed on the graph (R2 = 0.9128 is
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achieved) and the equation of the line is determined (Eq. (4.4)). The capital cost
equation of an agricultural biogas to CHP facility is as follows:

CC = 21080x-0.5367

(Eqn 4.4)

Where CC is the capital cost of the facility (€/tpa) and
x is the quantity of treated energy crops and slurry (tpa).

A capital cost for the exportation of produced electricity is also envisaged. The cost of
the grid connection is assumed to increase as the scale of the facility increases, as
upgrading of the electrical grid will be required to facilitate the electrical energy being
transferred to the grid. Indicative capital investment of €75,000 is assumed for small
scale facilities while €150,000 is assumed for medium scale facilities. In reality, the
capital cost of grid connection is different for each project as parameters such as facility
distance from the grid and transmission upgrade requirements are variable.

In the past, the development of biogas to CHP projects had the advantage of being
applicable for subsistence from the Sustainable Energy Authority of Ireland (SEAI). A 30%
SEAI grant was rewarded for eligible capital costs for anaerobic digestion to CHP
projects, with a maximum indicative grant of €1,500,000 being available to one facility.
Unfortunately, due to Irish government cutbacks the programme was cancelled in 2010
and the grant is no longer available to biogas to CHP projects (SEAI, 2010a).

4.6.1.2 Anaerobic digestion and biomethane upgrading system

The economic analysis for an agricultural biomethane facility utilising energy crops is
based on a financial model derived from a number of facilities, both commissioned and
quotations for facilities which are scheduled to be developed. Three of the facilities
deployed in the derivation of the financial model are based on economic data from two
biomethane facilities in Sweden, one in Austria while the other four facilities are based
on wet anaerobic digesters with the additional costs of upgrading, compression and
distribution systems. Murphy & Power state that the capital costs of producing
biomethane in Linköping biomethane facility in Sweden are as follows (Murphy & Power,
2008):
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-

Upgrading system

€61.67/t of feedstock;

-

Compression unit

€6.48/t of feedstock; and

-

Distribution service stations

€71.40/t of feedstock.

As there is no biomethane production facility in Ireland, deploying capital cost models
from various developed facilities is a conservative method of estimating the capital cost.
To derive the equation, the capital cost of seven facilities (two Swedish, one Austrian
and four proposed for Ireland) plus the capital cost of the upgrading system,
compression unit and distribution service stations in €/tpa of feedstock is again graphed
against the capacity of each facility. The best fit line is then placed on the graph (R2 =
0.9559 is achieved) and the equation of the line is determined (Eq. (5.5)). The capital
cost equation of an agricultural biomethane to transport facility is as follows:

CC = 1066.2x0.8455

(Eqn 4.5)

Where CC is the capital cost of the facility (€/tpa),
x is the quantity of treated energy crops and slurry (tpa).

4.6.2 Economic assumptions of agricultural digestion
4.6.2.1 Energy crop production cost

The production cost of energy crops is the most substantial contributor to the annual
operational costs of the facility. The price of growing grass silage, maize and barley in
Ireland in 2011 is summarised in the Teagasc report titled “Crop Cost and Returns 2011”
(O’Donovan & O’Mahony, 2011). The production price of grass silage is determined to
be €120/t DM for 1st cut grass silage and €135/t DM for 2nd/3rd cut grass silage
(O’Donovan & O’Mahony, 2011). It is assumed that the 1st cut will create 7.0 t DM/ha,
while the 2nd and 3rd cuts will give 4.0 t DM/ha and 3.0 t DM/ ha, respectively. The
production cost of covered maize is approximately €2334/ha while barley can be grown
for €904/ha (O’Donovan & O’Mahony, 2011).
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4.6.2.2 Transportation of energy crops

Gerin et al. states that transportation costs are based on a constant distance of 10 km
being assumed for the transportation of energy crops to a centralised digester by a 180
kW tractor and 50 m3 trailer and includes the return trip which is considered unloaded
(Gerin et al, 2008). Such a trip consumes 39 L/ha/a of diesel for grass silage and 119
L/ha/a for maize. For simplicity, barley is assumed to have to the same diesel
consumption as maize. However, this is an over compensation and would be lower in
reality. Gerin et al. also state that the diesel consumption of transporting digestate by
an 180 kW slurry truck with a 27 m3 tank is given as 6.6 L/ha/a for grass silage and 32
L/ha/a for maize (Gerin et al, 2008). Again, barley is assumed to have to the same diesel
consumption as maize. Also, the diesel consumption for the transportation of slurry to
the digester by a 180 kW slurry truck with a 27 m3 tank is given as 0.05 L/t TS/km. Diesel
presently retails at €1.45/L in Ireland.

4.6.2.3 Internal electrical energy requirement

The tariff applied to electrical energy purchased from the national grid by business
customers in Ireland is highlighted by the SEAI recommendations in Table 4.7. SEAI have
analysed the prices paid by business consumers for the purchase price of electrical
energy over annual periods to capture the average tariff applicable to customers (SEAI,
2010b). Such a tariff must be paid by the biomethane transport scenarios to purchase
electricity from the grid to satisfy the internal electrical energy requirement.

Band - IA
Band - IB
Band - IC
Band - ID
Band - IE
Band - IF

Demand per annum
(MWh)
< 20
20 < 5,00
500 < 2,000
2,000 < 20,000
20,000 < 70,000
70,000 <= 150,000

ex. VAT
(cent/kWh)
15.4
13.9
12.4
10.9
10.9
10.3

incl. VAT
(cent/kWh)
18.6
16.8
15.0
13.2
13.2
12.5

Table 4.7: Electricity price tariff for business consumers based on usage per annum
(SEAI, 2010b)
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4.6.2.4 Sale of electrical energy

Currently in Ireland, the primary financial support mechanism for renewable electricity
production is the ‘Renewable Energy Feed in Tariff’ (REFIT) in which such electricity
exported to the grid receives a rate of assistance known as REFIT from the Irish
government. The third instalment of the support mechanism; REFIT 3 (DCENR, 2012)
provides a tariff for AD to CHP electricity production. REFIT 3 allows AD to CHP (units
less than or equal to 500 kWelec) to receive 15c€/kWh and AD to CHP (units of greater
than 500 kWelec) to receive 13c€/kWh (DCENR, 2012).

4.6.2.5 Sale of thermal energy

Unlike many European countries that deploy district heating systems, the sale of thermal
energy is a difficult operation as the majority of housing estates in Ireland have single
house heating systems. However, the utilisation of thermal energy may be achieved by
displacing heat from a natural gas boiler which would otherwise be required for
agricultural processes (wood chips drying, pig factories, etc.), that require a large
amount of thermal energy. The purchase of natural gas required to satisfy heat demand
of such processes can be displaced by the heat from the CHP unit. The price of natural
gas for industrial customers (10 GWh/a consumption) in Ireland is 3.44c€/kWh (April
2012) (EEP, 2012).

4.6.2.6 Sale of biomethane

The only annual revenue to be created in an agricultural biomethane facility is from the
sale of biomethane. This facility will sell its produced biomethane at €1.258/m3 including
VAT of 21%. This sale price will translate to a revenue of €1.04/m3 of biomethane sold.

4.6.3 Economic output of biogas to CHP
The focus of the economic performance of each of the four scenarios under
consideration will be on medium scale e high demand 350 ha facilities. As can be seen
in Table 4.8, the capital investment for each scenario includes the capital cost of the
digester, CHP unit and electricity grid connection. The economic data also considers the
purchase price of the crops and the transportation of the feedstock. Scenario 4d incurs
the highest annual liabilities of €1,139,287 per annum with the purchase of energy crops
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contributing to 59% and transportation of the feedstock to 5%. The facilities will employ
two technicians to manage the facility.

Revenue is generated by the sale of electrical and thermal energy. When assuming that
all the produced electrical and thermal energy is purchased, Scenario 4d generates
annual revenue of €1,345,641 with electricity exportation to the grid representing 79.8%
of the share. Indeed, Scenario 4d is the optimum economic performer creating an annual
net profit of €206,354. All of the scenarios under consideration produce a significant net
profit per annum when all of the electrical and thermal energy demand is satisfied.
However, the realisation of finding a market for thermal energy in Ireland is low as there
are little or no district heating systems deployed in Irish housing estates. The likely way
of selling heat is to deploy your facility near industry that requires a significant heat
input. If a market cannot be found for the produced heat, each of the four scenarios will
not be financial feasible. Scenario 4d incurs a net loss of €64,696 per annum while
Scenario 2d (which is the poorest economic performer) will incur net losses of €138,871
annually.
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Capital Investment
Capital cost of digester & CHP
(€)
Grid connection (€)
Total investment (€)

Scenario 1d

Scenario 2d

Scenario 3d

Scenario 4d

2,834,445
`
2,684,445

2,809,068
150,000
2,659,068

2,669,910
150,000
2,519,910

2,964,733
150,000
2,814,733

Annual liabilities
Investment liabilities (€/a)
Maintenance (€/a)
Overheads (€/a)
Salaries (€/a)
Purchase of crops (€/a)
Transportation of feedstock
(€/a)
Total liabilities (€/a)

239,480
85,033
11,503
60,000
624,393
35,694

237,443 a/
84,272 b/
11,427 c/
60,000
595,525 d/
66,490 e/

226,277
80,097
11,010
60,000
547,395
49,187

249,934
88,942
11,894
60,000
672,520
52,997

1,509,103

1,058,154

976,966

1,139,287

Annual revenues
Sale of electricity (€/a)
Sale of heat (€/a)
Total revenues (€/a)

993,903
251,437
1,245,340

919,282
230,410
1,149,692

838,595
210,796
1,049,391

1,074,591
271,050
1,345,641

186,236
-65,200

91,538
-138,872

72,425
-138,371

206,354
-64,696

Net profit/loss
Full sale of energy (€/a)
Full sale of electricity only (€/a)

Note: a/ Capital costs based on repayment of investment over 20 years with 5% interest rate;
b/ Maintenance costs are based on 3% of annual investment liabilities;
c/ Overhead costs are based on 10% of operating costs (maintenance and salaries);
d/ Purchase price of crops is calculated as follows:
Grass 1st cut: 7t DM/ha x 175ha x €120
Grass 2nd cut: 4t DM/ha x 175ha x €135
Grass 3nd cut: 3t DM/ha x 175ha x €135
Maize: 87.5ha x €2,333/ha
Barley: 87.5ha x €903/ha
Total annual purchase costs = €595,525/a
e/ Transportation of feedstock costs are calculated as follows:
Grass: 39L/ha/a x 175ha x €1.45/L
Maize: 119L/ha/a x 87.5ha x €1.45/L
Barley: 119L/ha/a x 87.5ha x €1.45/L
Slurry: 0.05L/t FM/km x 10km x 22,900t/a* €1.45/L
Grass digestate: 6.6L/ha/a x 175ha x €1.45/L
Maize digestate: 32L/ha/a x 87.5ha x €1.45/L
Barley digestate: 32L/ha/a x 87.5ha x €1.45/L
Total annual transportation cost = €66,490/a

Table 4.8: Biogas to CHP economic analysis for scenario d (350ha) under crop rotations
considered

4.6.4 Economic output of biomethane
Unlike biogas to CHP development in the past, in Ireland biomethane production as a
transport fuel has never been incentivised by the SEAI. The capital investment of a
biomethane facility includes the digester, upgrading and compression system and
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distribution infrastructure. Table 4.9 summaries the economic analysis. A 350 ha
scenario 1d facility is commissioned for €8,221,340 and retains annual liabilities of
€1,882,930 with salaries, energy crop production and transportation remaining the
same as the biogas to CHP financial model. Additional annual liabilities are incurred
through the purchase of electricity to satisfy the internal energy requirement of the
facility, accounting for 12% of the total liabilities per annum.

Scenario 1d

Scenario 2d

Scenario 3d

Scenario 4d

8,221,340

8,087,424

7,370,810

8,924,505

Annual liabilities
Investment liabilities (€/a)
Maintenance (€/a)
Overheads (€/a)
Salaries (€/a)
Purchase of crops (€/a)
Transportation of crops (€/a)
Purchase of electricity (€/a)
Total liabilities (€/a)

659,702
246,640
30,664
60,000
624,393
35,694
225,837
1,882,930

648,956
242,623
30,262
60,000
595,522
66,490
232,763
1,876,615

591,453
221,124
28,112
60,000
547,395
49,187
216,863
1,714,135

716,125
267,735
32,774
60,000
672,520
52,997
243,141
2,045,291

Annual revenues
Sale of biomethane (€/a)
Total revenues (€/a)

1,956,062
1,956,062

1,728,211
1,728,211

1,630,697
1,630,697

2,091,056
2,091,056

73,132

-148,405

-83,438

45,764

Capital Investment
Capital cost of digester,
upgrading and distribution (€)

Net profit/loss
Full sale of biomethane (€/a)

Table 4.9: Biomethane economic analysis for scenario d (350ha) under crop rotations
considered

Annual revenue through the sale of biomethane as a transport fuel generates
€1,956,062 for scenario 1d. This translates to a net profit of €73,132 annually making
the Scenario 1d crop rotation the optimum economic performer for biomethane
utilisation as a transport fuel. Conversely, scenarios 2d & 3d are not economically viable
for the highlighted technology, with scenario 2d acquiring the most significant deficit of
€148,405 each year. Scenario 4d, which is the optimum biogas to CHP rotation, is ranked
as the second best economic performer as a transport technology generating €45,764
per annum.
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4.6.5 Economic comparison of technologies
An overall summary of the economic capabilities of the four scenarios under
consideration is highlighted in Table 4.10. It is clear from both biogas to CHP and
biomethane as a transport fuel that the greater the land area and facility size, the
greater the potential profit of the facility. It is evident that any biomethane transport
scenario of 250 ha and under will not be financially viable for development with only the
350 ha scenarios 1d and 4d facilities generating an annual net profit of €209/ha and
€131/ha, respectively.

Net Profit
(€/ha)
Scenario 1
Scenario 2
Scenario 3
Scenario 4

a/

50ha
-1,939
-2,227
-2,234
-1,924

Biogas to CHP
150ha
250ha
183
261
-115
-8
-179
-74
252
290

350ha
532
262
207
590

Biomethane as a transport fuel
50ha
150ha
250ha
350ha
209
-2,033
-503
-97
-2,554
-1,041
-639
-424
-2,281
-823
-462
-238
-2,205
-620
-215
131

Note: a/ Net profit/loss includes both the sale of electrical and thermal energy.

Table 4.10: Net profit/loss comparison of technologies for scenarios under
consideration

In terms of biogas to CHP production, any facility that requires land area of 150 ha or
under is not financially viable when all of the produced heat is sold. If a demand for heat
cannot be found, all scenarios are not economically feasible for the land areas under
consideration. Again, 350 ha Scenario 1d and 4d facilities generate the highest annual
net profit of €532/ha and €590/ha, respectively. However, if a market cannot be located
for the heat, these net profits turn to net losses of €186/ha and €185/ha per annum,
respectively.

4.6.6 Determination of optimum technology
To determine the optimum small to medium scale biogas technology and crop rotation
in Ireland, Table 4.10 is analysed in greater detail. Table 4.10 indicates that Scenario 4d
CHP is the optimum biogas technology earning €590 (bold in Table 4.10). However, the
inability to find a market for thermal energy in Ireland will lead to a financial loss each
year of €185/ha for a 350 ha facility. In fact, as previously stated, all CHP scenarios
investigated are not financially viable if a heat demand cannot be sourced. If a market
for the sale of heat is found then biogas to CHP is the optimum technology to develop
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with scenario 4d being the optimum crop rotation. In this paper, it is assumed that a
market for heat is not frequently achievable. Such uncertainty when developing a biogas
technology development infrastructure is not favourable as the identification of a
thermal demand is dependent on each individual biogas to CHP facility being
constructed.

Therefore, biomethane as a transport fuel is deemed the optimum technology for
Ireland assuming that consistent penetration of the vehicle market can be achieved
through effective marketing and support mechanisms. Scenario 1d which utilises grass
only earning €209/ha (bold in Table 4.10) is the optimum crop rotation for Ireland with
a 350 ha facility or bigger being the optimum land area required.

4.7

Influence of changing parameters over time on the optimum
technology

4.7.1 Feedstock purchase variation
The changing of key economic parameters can dramatically change the viability of the
optimum biomethane to transport facility over time. The cost of producing grass silage
in the optimum rotation of scenario 1 is highlighted in Figure 4.1. The cost of grass
production has increased significantly in recent years. The Teagasc “Crop Cost and
Returns 2008” report claims that the average price to produce a tonne of grass silage
was €94/t DM in 2008 (O’Mahony, 2008). In 2011, Teagasc calculated that a tonne of
grass silage cost €120/t DM, a 27.7% increase in a three year period (O’Donovan &
O’Mahony, 2011). Figure 4.1 illustrates the affect which a further increase in grass silage
production costs will have on the economic feasibility of the optimum crop rotation. If
the price of producing grass silage increases by 11.7%, a 350 ha optimum biomethane
facility will become economically unfeasible if the sale price of biomethane is not
increased to counteract it. If a 50 ha scenario 1 facility reduced the production costs of
grass silage by 50% it will still not be economically viable. A 150 ha and 250 ha scenario
1 biomethane facility will require a reduction in feedstock production costs of 4.6% and
28.2% to become financially viable during operation. The price of selling biomethane
can be adapted to negate the increase of grass silage production as long as the
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biomethane sale price remains competitive with diesel and petrol prices at the pumps
(assuming similar vehicle efficiencies).

Figure 4.1: Change in production cost of grass silage on scenario 1 biomethane
facilities

4.7.2 Biomethane sale price variation
The sale of biomethane per m3 can be equated to a litre of diesel or petrol as the energy
content of the fuels is approximately the same [20]. In the analysis, the biomethane
facilities under consideration assume a sale price of €1.04/m3 (€1.25/m3 incl. VAT) for
biomethane. Figure 4.2 depicts how the change in this parameter will affect the
economics of the biomethane facilities for the optimum crop rotation, scenario 1. If the
sale price of biomethane is dropped to €1.00/m3 (€1.21/m3 incl. VAT) a 350 ha scenario
1 biomethane facility will not be financially viable. Although an increase in the sale price
of €0.01/m3 equates to a €20,106 increase in net profit per annum for a 350 ha facility.
A 150 ha and 250 ha facility must increase the production price of biomethane to
€1.13/m3 (€1.37/m3 incl. VAT) and 1.06/m3 (€1.28/m3 incl. VAT) respectively to become
economically viable. A 50 ha facility would require a biomethane sale price of €1.42/m3
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(€1.72/m3 incl. VAT) to generate a net profit each year, although it would be highly
uncompetitive against diesel and petrol prices which currently stand at €1.45/L and
€1.50/L respectively.

Figure 4.2: Change in sale price of biomethane on scenario 1 biomethane facilities

4.8

Discussion

4.8.1 Optimum technology locations in Ireland
The potential locations for the optimum 350 ha scenario 1d biomethane facilities is
based on the overall area of land under grass silage derived from data in the Central
Statistics Office (CSO) “Census of Agriculture 2000” and “Farm Structure Survey 2007”
reports (CSO, 2008aSE; CSO, 2000). As grass silage is predominantly utilised for grazing
and animal feed, Table 4.11 focuses on three proportions of total grass land area which
could be utilised for biomethane production; 1%, 3% and 5% of total land area under
grass silage in Ireland. A maximum of 5% of the total land area under silage would see
the potential development of No. 146 x 350 ha biomethane facilities in Ireland, 3%
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development would see No. 87 facilities and 1% would see No. 29 facilities. In terms of
land under grass silage, Cork has the highest development potential with No. 20 x 350
ha facilities when utilising a 5% proportion, followed by Galway with No. 11 facilities,
Tipperary with No. 12 facilities, Kerry with No. 9 facilities and Limerick with No. 8
facilities. This illustrates that the Munster region has a high potential for anaerobic
digestion development.

Region
Ireland
Cavan
Donegal
Loutha
Monaghan
Dublin
Kildare
Meath
Wicklow
Carlow
Kilkenny
Wexford
Laois
Longford
Offaly
Westmeath
Sligo
Galway
Mayo
Roscommon
Leitrim
Cork
Kerry
Tipperary S
Clare
Limerick
Tipperary N
Waterford

Total grass silage
Farms
Ha
106,400 1,020,000
4,554
41,738
5,059
32,085
1,115
11,508
4,082
34,810
316
3,707
1,322
14,939
2,792
36,211
1,469
17,243
1,232
12,457
3,177
41,423
3,171
34,607
2,813
30,338
2,243
19,629
2,835
30,426
2,509
26,406
3,149
22,722
9,654
73,513
9,323
59,289
4,623
37,998
2,340
17,738
13,145
141,372
6,655
60,828
3,079
39,453
5,368
50,272
4,800
58,621
3,232
39,907
2,341
30,760

1% of total (No.)
farms
Ha
ADsb
1,064 10,200 29
91
835
2
101
642
2
22
230
1
82
696
2
6
74
0
26
299
1
56
724
2
29
345
1
25
249
1
64
828
2
63
692
2
56
607
2
45
393
1
57
609
2
50
528
2
63
454
1
193
1,470
4
186
1,186
3
92
760
2
47
355
1
263
2,827
8
133
1,217
3
62
789
2
107
1,005
3
96
1,172
3
65
798
2
47
615
2

3% of total (No.)
farms
ha
ADs
3,192 30,600 87
137
1,252
4
152
963
3
33
345
1
122
1,044
3
9
111
0
40
448
1
84
1,086
3
44
517
1
37
374
1
95
1,243
4
95
1,038
3
84
910
3
67
589
2
85
913
3
75
792
2
94
682
2
290
2,205
6
280
1,779
5
139
1,140
3
70
532
2
394
4,241
12
200
1,825
5
92
1,184
3
161
1,508
4
144
1,759
5
97
1,197
3
70
923
3

5% of total (No.)
farms
Ha
ADs
5,320 51,000 146
228
2,087
6
253
1,604
5
56
575
2
204
1,740
5
16
185
1
66
747
2
140
1,811
5
73
862
2
62
623
2
159
2,071
6
159
1,730
5
141
1,517
4
112
981
3
142
1,521
4
125
1,320
4
157
1,136
3
483
3,676
11
466
2,964
8
231
1,900
5
117
887
3
657
7,069
20
333
3,041
9
154
1,973
6
268
2,514
7
240
2,931
8
162
1,995
6
117
1,538
4

Note: a/ The counties in bold highlight the 8 optimum regions for biomethane development as derived by Smyth et al
(Smyth et al, 2010).
b/ ADs = The number of anaerobic digestion biomethane facilities which could be commissioned throughout
Ireland.

Table 4.11: Potential locations of 350 ha grass silage biomethane facilities in Ireland
[derived from 1, 37, and 38]
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Smyth et al. has analysed the potential locations of grass biomethane facilities which
can inject to the natural gas grid in Ireland, finding that Limerick is the most suitable
location to develop such a facility, taking into account parameters such as distance from
digester to the gas grid, grass land area, cattle numbers and natural gas pipeline
infrastructure (Smyth et al, 2010). The optimum eight counties which Smyth et al. state
have the highest suitability for grass biomethane development include Limerick, Louth,
Meath, Kildare, Westmeath, Dublin, Clare and Cork (bold in Table 4.11). A total fulfilling
of 5% proportion potential would see the development of No. 49 facilities x 350 ha in
these counties. The satisfying of 1% proportion of the land area would see the top eight
counties developing No. 20 x 350 ha biomethane facilities. Smyth et al. highlight that the
roll out of grass biomethane facilities in Limerick and other counties in Ireland is entirely
achievable and cite that the lack of regulation and policy with regard to injecting
biomethane to the grid as the main barrier to such development (Smyth et al, 2010).

4.8.2 Optimum technology potential in Ireland
In 2020, the SEAI estimate that total final demand of transport energy will reach 4,257
ktoe equating to 178.8 PJ of energy (Clancy et al, 2010). The introduction of NGV’s
operating on biomethane can contribute to achieving the 10% renewable energy source
transport (RES-T) target by 2020 as described in the Renewables Directive. In terms of
potential market for NGV’s, Ireland had 1,924,281 privately owned registered cars in
2008 (CSO, 2008). Table 4.12 highlights the potential RES-T contribution and quantity of
NGV’s of various biomethane scenarios which utilise grass silage in the digestion
process. The first three scenarios under consideration summarise full scale utilisation of
1%, 3% and 5% of the land area under grass silage in Ireland. The latter three scenarios
consider the 8 optimum counties which Smyth et al. determined for grass silage
biomethane production, for land area utilisation of 1%, 3% and 5%. Full scale
development of 1% of the grass area under silage can contribute to 2.3% of the RES-T
target for 2020 by fuelling 46,136 cars and 2.4% of the privately owned registered cars
in Ireland. The RES-T target can be totally met if 5% of the land area under grass silage
is utilised for biomethane production. At a less significant development scale, the 8
optimum counties can meet 1.5% of the RES-T target if 1% of the land area under grass
silage is digested.
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Area under grasslands
Full development: 1%
Full development: 3%
Full development: 5%
8 optimum counties: 1%
8 optimum counties: 3%
8 optimum counties: 5%

No. of 350 ha
AD facilities
29
87
146
20
28
49

Quantity of
NGV’sa/
46,136
138,409
232,273
31,818
44,545
77,031

Percentage of
cars in 2008
2.4%
7.2%
12.1%
1.6%
2.3%
4.0%

RES-T 2020
contribution
2.3%b/
6.8%
11.4%
1.5%
2.2%
3.8%

Note: a/ Based on a car with an efficiency of 14.12 km/m3 travelling 16,895 km annually.
b/ The RES-T contribution is calculated as follows: [(70 pJ (energy output of AD biomethane) × 29 (no of facilities))
÷ 178.8 PJ (Forecast 2020 transport energy share)] × 100 = 1.14% x 2 (Double credits for biomethane to REST 2020) = 2.3%.

Table 4.12: Potential NGV development and RES-T contribution of 350 ha grass silage
biomethane facilities in Ireland [derived from 39, 40]

4.9

Conclusions

The paper determines that biomethane production as a transport fuel is the optimum
biogas technology for Ireland at present. The following observations can be made for
small to medium scale biogas technologies in Ireland:
-

Scenario 1 which utilised grass silage only (with the addition of slurry) is the
optimum crop rotation for agricultural digestion to produce biomethane as a
transport fuel in Ireland;

-

The economics of small to medium scale biomethane facilities improve when the
scale is increased. It is evident that such a facility must be of medium scale e high
demand (350 ha) to operate successfully in a financial manner each year. Small
scale facilities are not economically feasible in Ireland;

-

Biomethane can compete attractively in terms of sale price against diesel and
petrol. Biomethane can be sold for €1.25/m3 in comparison to €1.45/L of diesel
and €1.50/L of petrol;

-

Biogas to CHP technology is hindered in Ireland by the unavailability of a market
for heat. Unless a heat demand can be found, such facilities will remain
financially unfeasible;

-

Full potential of biomethane as a transport fuel utilising 5% of the total land area
under grass silage has the ability to fuel 12.1% of the registered private cars in
Ireland in 2008. This will contribute to 11.4% of the RES-T in 2020; and
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-

At initial development scale, the optimum No. 8 counties of Ireland utilising 1%
of their total land area under silage have the ability to fuel 1.6% of the registered
private cars in Ireland in 2008. This will contribute to 1.5% of the RES-T in 2020.
This would involve the development of No. 20 grass silage biomethane facilities
utilising 350 ha of land.

4.10 Recommendations
The following are recommendations to support the development of biomethane
production in Ireland:
-

The Irish government states that electric vehicles and biofuels will meet the REST target of 2020. Biomethane as a transport fuel should be included in the policy
to achieve this mandatory EU target thus offering a more diverse transport
energy portfolio;

-

The re-establishment of the capital grant that was provided by the SEAI for
anaerobic digestion to CHP is required to kick-start development. A similar grant
is also required for biomethane production also. If capital grants are available,
biogas technologies (either CHP or biomethane as a transport fuel) should be on
a level playing field with financial support being available for both technologies.
This would greatly improve the economics of developing biomethane facilities;

-

If biomethane is injected into the natural gas grid, stringent policy and quality
assessments need to be developed to monitor the cleanliness of the gas to
ensure it does not damage the network and/or apparatus which may use the
biomethane; and

-

The development of No. 20 grass silage biomethane facilities in the No. 8 most
suitable counties of Ireland would satisfy 1.5% of RES-T target (10%) by 2020.
Such a scheme will stimulate anaerobic digestion development and a renewable
gaseous transport industry in Ireland.
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4.11 Chapter reflection
4.11.1 Motivation
A number of reservations were identified when analysing the technical and economic
performance of biogas to CHP in Ireland by the author in Chapter 3; namely, the lack of
a market for the sale of produced thermal energy, the removal of the SEAI grant in 2010
(which the Chapter 3 analysis was modelled on) and finally the uncertainty of sale price
of electricity produced from biogas to CHP. Therefore given this uncertainty surrounding
biogas to CHP primarily on an economic basis, the author was motivated to compare
and contrast the technical and economic capabilities of another biogas technology for
utilisation in Ireland; namely biomethane as a transport fuel. This technology (if
introduced to Ireland) has the ability to contribute to the binding 10% RES-T target in
the Renewable Energy Source Directive 2009/28/EC and can reduce Ireland’s over
dependency on fossil fuels in road transport. The output of this analysis is to determine
the optimum biogas technology for utilisation in Ireland, establish strategic locations for
the associated technology development and its potential contribution to EU renewable
energy targets.

In terms of this comparative research into the potential of AD as an energy source
utilising CHP in Ireland and also biomethane as a transport fuel, the parameters
investigated by the author and the associated reasoning are as follows:
-

The same analysis model in Chapter 3 is refined and employed to compare and
contrast the two biogas technologies utilising the following parameters:
-

An agricultural ‘wet’ AD process is analysed, across four facility sizes
(50ha, 150ha, 250ha and 350ha). Two energy crops (maize and barley)
are introduced into the analysis to form four crop rotations in order to
determine if increased biogas production and financial earning potential
can be achieved. Again, agricultural slurry is added to the AD process to
ensure a solids content of 15% is maintained;

-

In relation to the economic analysis for biogas to CHP, the SEAI grant for AD
capital costs has been removed in order to reflect the current capital grant
climate. Similarly, a defined financial support mechanism has been included in
the analysis to reflect the introduction of REFIT 3 in 2013, in which electricity
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produced from AD and exported to the electrical network receives a tariff
payment from the Irish government;
-

The technical analysis for this chapter assumes that the biomethane is produced,
upgraded, compressed and distributed via fuel pumps to NGVs on-site as is the
case with the referenced biomethane to transport facility in Linköping
biomethane facility (Murphy & Power, 2008); and

-

In relation to the economic analysis for biomethane as a transport fuel, the sale
price applied to biomethane is €1.258/m3 including VAT of 21% which is €0.25
cheaper than the price of an equivalent litre of petrol at the time (2012 analysis),
thus ensuring an incentive for vehicle owners to transition to NGVs. There was
also no financial support mechanism available from the government in the
analysis. Sensitivity analysis on biomethane sale price variations is also
completed to fully determine the impact of any change in biomethane
production costs for an AD facility.

4.11.2 Important learnings
This chapter has undertaken a detailed analysis and benchmarking exercise of the
performance of biomethane to transport technology that has yet to be introduced to
Ireland versus biogas to CHP technology which has seen moderate success in Ireland, in
order to determine the optimum biogas technology for Ireland on a technical and
economic basis, in which the key findings are as follows:
-

Biomethane to transport is the optimum biogas technology for development in
Ireland due to the unavailability of thermal demand for biogas to CHP in Ireland.
Biogas to CHP has better economic performance than biomethane to transport
when all the electrical and thermal energy is utilised; a 350ha Scenario 4 (grass
and maize) facility earns a net profit of €590/ha/a. However, Chapter 3 and 4
make valid arguments as to why finding a thermal demand is a significant
challenge in Ireland. Biogas to CHP is economically infeasible for all facility sizes
when a thermal demand is unavailable. Furthermore, it is heavily subsidised by
REFIT 3 (which is due to close in 2019) unlike biomethane to transport where a
350ha Scenario 1 (grass only) facility earns a net profit of €209/ha/a without any
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government financial support. A similar incentive mechanism similar to REFIT for
biomethane would significantly increase its economic potential;
-

An agricultural AD facility utilising a crop rotation of grass silage only (Scenario
1) is the optimum solution for biomethane production for transport in Ireland.
Although, a crop rotation of grass silage and maize (Scenario 4) produces
371m3/ha more biomethane than grass silage only, it is also €78.19/ha more
expensive to produce biomethane in a 350ha AD facility. For 350ha of land area,
a crop rotation of grass silage and maize (Scenario 4) is €65,430/a more
expensive to produce and transport (10km) to an AD facility than a crop rotation
of grass silage only (Scenario 1). Both crop rotations which include barley
(Scenario 2 & 3) perform both technically and economically poorer than Scenario
1 & 4 suggesting that barley is the least suitable energy crop for AD production
in Ireland; and

-

It is clearly evident from the analysis that there is significant potential for
biomethane to transport technology in Ireland from a technical perspective
when utilising grass silage and slurry as an AD feedstock. The development of 20
grass silage biomethane facilities utilising 350 ha of land has the potential to
contribute to 1.5% of Ireland’s RES-T in 2020 and fuel 1.6% of the registered
private cars in Ireland in 2008. However as is the case presently (2018) and is
common with a new technology, there are significant obstacles and barriers to
overcome in order to create a successful biomethane to transport industry in
terms of suitable utilisation pathways, infrastructure requirements and effective
regulatory and policy strategy.

4.11.3 Focus going forward
It is clearly illustrated by the author in Chapter 4 that biomethane as a transport fuel has
significant potential to influence Ireland’s renewable targets and overall road transport
industry if NGVs can successfully integrate into the traditional fossil fuel vehicle market.
However, such integration of NGVs requires further consideration beyond the model
utilised in Chapter 4. An AD facility that distributed its biomethane with an on-site
refuelling station is limiting its potential to fuel a certain amount of NGVs due to the
confined geographical area of the facility. There is also a significant NGV demand
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required for one AD facility; one 350ha grass biomethane facility can fuel over 1,590
NGVs (passenger cars).

Therefore, other means of distributing the produced biomethane are required such as
injection into the national gas network to transfer the biomethane to locations where
an AD facility is not present but NGV demand may be. As biomethane has a similar
chemical composition to natural gas, injection into the natural gas network is achievable
and is a proven process in countries such as Germany and Sweden. The injected
biomethane is then distributed downstream on the network at NGV refuelling station
connection points. Ireland may be suitable for biomethane injection as it has a world
class natural gas network with over 13,770km of pipeline stretching across the country.
Therefore, Chapter 5 will examine the key technical requirements in order to inject
biomethane into the natural gas network in Ireland which will allow biomethane
producers to distribute biomethane in numerous offtake locations, thus increasing NGV
market size and ensuring maximum profit once all the produced biomethane is utilised.
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5.0 What are the technical requirements for improving the
sustainability of the natural gas network through the
injection of renewable gas?

Publication details: Goulding D, “What are the technical requirements for improving the
sustainability of the natural gas network through the injection of renewable gas?”, 1st
Prize Award Winner at the Pipeline Industries Guild and Engineers Ireland Technical
Paper Competition 2011.
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5.1

Introduction

Biomethane is a renewable form of energy with a similar composition to natural gas.
Biomethane has not yet been developed as an energy source in Ireland, although, it
could have as significant an impact as seen in other European countries such as Germany
and Austria. This paper aims to examine the plausibility of injecting biomethane in to
the natural gas grid in Ireland. This paper highlights the key issues with regard to the
technical requirements of the gas network to facilitate biomethane injection. The role
of biomethane and its potential to have a significant impact in renewable energy
production in Ireland is also discussed.

5.2

The natural gas network

Bord Gáis Networks2 (BGN) is the owner of the natural gas network in Ireland which it
operates via an operating agreement on behalf of Gaslink3 - the Independent System
Operator (ISO). In 2010, the majority of Irish gas demand (93%) was met by UK imports
with the remaining gas supplied by means of indigenous reserves and storage from Inch,
Co. Cork (BGÉ, 2010a). The BGN network consists of a high pressure steel pipeline
system known as the Transmission network and a low pressure polyethylene network
known as the Distribution network. In 2010, BGN owned a total Transmission network
length of 2,373km and another 10,856km of Distribution network which transported
79,500GWh of gas, servicing 641,500 customers. Figure 5.1 illustrates the natural gas
network in Ireland (BGÉ, 2010a). Throughout Ireland, BGN continue to provide natural
gas to power generation stations, industrial and commercial (I&C) premises and
households every day.

2

The electricity and gas supply business, Bord Gáis Energy, was sold by the Irish Government in 2014. The
company name Bord Gáis was included in the sale. The remaining gas network business, Bord Gáis
Networks, was therefore required to change its name under the terms of the sale and was renamed Gas
Networks Ireland (GNI, 2015).
3
In compliance with the EU Natural Gas Directive (2009/73/EC), on 01 August 2015 the responsibilities of
the ISO - Gaslink (including the Transmission and Distribution System Operator Licences) were transferred
from Gaslink to Gas Networks Ireland as the new System Operator (GNI, 2018).
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Figure 5.1: BGN’s natural gas pipeline network (BGÉ, 2010a)

5.3

Drivers to improve sustainability of the natural gas network

Environmental policy from the European Union (EU) is imposing challenging energy
efficiency and emissions targets on Member States. Therefore, this places a heightening
responsibility on BGN to improve the sustainability of the natural gas network to help
achieve these mandatory energy targets. Sustainability is deemed as combination of
increasing energy efficiency and renewable technology deployment. The reduction of
Ireland’s overall energy consumption places added pressure on the network. Energy
efficiency measures will drive down system throughput and increase sale tariffs.
Biomethane can counteract this by increasing throughput and new connections which
will decrease network costs for all consumers. The key EU policy drivers mandated by
the Irish Government are highlighted as follows:
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-

EU Renewable Energy Source Directive (2009/28/EC): requires a 20% share of
renewable energy sources in final energy consumption including a 10% share of
biofuels in the transport sector by 2020 (EU, 2009);

-

EU Climate and Energy Package 20-20-20 (2008): requires a decrease in
greenhouse gas emissions by 20%, a reduction in primary energy consumption
by 20% and an increase in renewable energy consumption by 20%, all by the year
2020 (EU, 2008); and

-

National Renewable Energy Action Plan: This plan outlines Ireland’s binding
undertakings in achieving the obligations under the EU Renewables Directive
2009/28/EC. Ireland has adopted an overall target of 16% share of renewable
energy by 2020; 40% electricity, 10% transport and 12% heat (DCENR, 2010).

5.4

Biomethane as an energy source

Anaerobic digestion (AD) is the process of converting organic matter into biogas energy
in an oxygen free environment. Biogas typically consists of 55% methane, 45% carbon
dioxide and contains a number of trace impurities such as hydrogen sulphide and
oxygen. Biogas can be utilised as an energy source in the fuelling of combined heat and
power (CHP) units on-site or can be upgraded through cleaning to biomethane with a
methane content of +97%. Upgrading technologies include water scrubbing, chemical
scrubbing, organic physical scrubbing and pressure swing absorption. The clean
biomethane can be injected into the natural gas network and its applications are
highlighted in Figure 5.2. The utilisation of biomethane energy is an established
technology in countries such as Germany and Austria. Biomethane has many clear
advantages over traditional fossil fuels with regard to carbon emissions reduction,
energy efficiency and sustainability.
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Figure 5.2: Applications of biogas (BGÉ, 2010b)

5.5

Technical comparison of biogas technologies

The removal of carbon dioxide, water, hydrogen sulphide, nitrogen, oxygen, ammonia,
siloxanes and particles is needed to ensure that the quality of biomethane will reach the
relevant gas specification standards. There are a number of methods of upgrading
biogas to remove carbon dioxide (the main impurity) including:
-

Water scrubbing: The removal of carbon dioxide is achievable through water
scrubbing as the solubility of carbon dioxide is higher than methane in water.
Temperature also affects the solubility of carbon dioxide, as the lower the
temperatures, the more soluble carbon dioxide is in comparison to methane and
thus easier to remove in water. Water scrubbing is the most common upgrading
technique and plants are commercially available from several suppliers (IEA,
2009) (methane content in upgraded gas >97%);
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Figure 5.3: An upgrading plant using water scrubbing technology in Kristianstad,
Sweden (IEA, 2009)
-

Organic physical scrubbing: This technique is very comparable to water
scrubbing, with the significant difference being that carbon dioxide is absorbed
in an organic solvent such as polyethylene glycol. The upgrading plant size can
be smaller than a water scrubbing unit for the same upgrading capacity as carbon
dioxide is more soluble in polyethylene glycol than in a water solution (IEA, 2009)
(methane content in upgraded gas >96%);

-

Pressure swing absorption: The removal of carbon dioxide occurs on an
absorbing surface (such as activated carbon) at elevated pressure. The activated
carbon is regenerated by a sequential decrease in pressure before the column is
reloaded again. There can be 4, 6 or 9 vessels in a pressure swing absorption unit
working in parallel (IEA, 2009) (methane content in upgraded gas >96%); and
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Figure 5.4: An upgrading plant using pressure swing absorption technology in Malmö,
Sweden (IEA, 2009)

-

Chemical scrubbing: This treatment uses a dual process to remove carbon
dioxide. A chemical amine solution is used with carbon dioxide being absorbed
in the liquid but also reacting with it. The bond can be regenerated through
heating. This method is the most successful in terms of methane conservation
(IEA, 2009) (methane content in upgraded gas >99%).

Other key requirements prior to grid injection include:
-

Odourisation injection: There is no smell from natural gas, therefore odourisation
of biomethane is required after upgrading to ensure that the biomethane can be
identified by humans if a leak were to occur (Gaslink, 2012a);

-

Propane injection: For biomethane to be accepted into a natural gas network,
the energy content of biomethane has to be above a specific point determined
by the Wobbe Index range in Part G, Appendix A of the Gaslink Code of
Operations (Version 3.0) for the BGN national grid (Gaslink, 2012b). Propane is
added to biomethane to increase the energy content of the gas to an acceptable
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level if the energy content is not achieved by biomethane production alone
(Gaslink, 2012a);
-

Gas quality monitoring equipment: Analysis of the biomethane specification
injected into the grid is required through monitoring equipment which should be
relayed back to the ISO on a continuous basis; and

-

Safety shut-off device: Biomethane that registers as below specification
standards on the measurement equipment on-site cannot enter the network.
Therefore, an automatic shut-off valve is necessary to prohibit off specification
biomethane from entering the grid (Gaslink, 2012a).

5.6

Renewable gas in Ireland

Unlike other European countries, AD development in Ireland has been slow and
uninspiring. There are 6 on-farm AD plants, 8 sewage treatment plants and 4 industrial
AD plants on the island (BOA, 2012). Conversely, Germany have over 4,500 AD facilities
including approximately 70 biomethane facilities which injected to the national gas grid
in 2010 (Weiland & Heinrich, 2010). Reasons for not developing biogas infrastructure in
Ireland include; lack of policy and direction, lack of sufficient incentives and grants to
help kick start the industry, uncertainty around tariffs received for producing energy and
difficulty in planning. However, with a clear defined policy driver which overcomes such
problems, biogas development in Ireland can be successful as there are abundant
supplies of feedstock available such as household waste, grass and farm waste.

The Bord Gáis 2010 Report “The Future of Renewable Gas in Ireland” acknowledges the
potential of biogas technologies in Ireland and has derived the potential biogas
infrastructure development based on available quantities of feedstock (BGÉ, 2010b).
Table 5.1 suggests that there is the potential to build 191 anaerobic digesters in Ireland
by 2020 which could generate significant quantities of thermal, electrical and transport
energy from indigenous resources.
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Digester
type
Rural

Number
183

Feedstock treated

Slaughter

4

50,000 t/a:
29,000 t/a grass (530
ha)
21,000 t/a slurry
52,000 t/a

Municipal

4

54,500 t/a

Total feedstock
9.15 M t/a:
5.3 M t/a grass (97 k ha)
3.87 M t/a slurry

218,000 t/a

208,000 t/a

Capital
investment (€m)
183 * €7m =
€1,281m

4 * €15m =
€60m
4 * €20m =
€80m

Table 5.1: Digesters proposed for Ireland in 2020 (BGÉ, 2010b)

5.7

Advantages of injecting biomethane

The introduction of biomethane into the natural gas grid has a number of positive
benefits to Ireland including:
-

Security of supply: “The Future of Renewable Gas in Ireland” report states that
full potential development of biomethane by 2020 will provide 33% of the
domestic natural gas demand thus significantly reducing the dependency on
imports and inflated gas prices (BGÉ, 2010b);

-

Indigenous transport fuel: Unlike imported biofuels and electric vehicles,
biomethane as a transport fuel can be indigenously produced in Ireland, it will
consistently create energy, it is an effective waste management tool and can
provide sustainable farming practice (Goulding & Power, 2011);

-

Location of the natural gas grid: As the network sprawls through the majority of
the Ireland, there is an abundant area of agricultural grasslands that are suitable
for biomethane development and are in close proximity to the grid. Smyth and
co. examined the potential locations of agricultural AD facilities and their
capability to inject to the grid. The analysis found that Co. Limerick alone could
provide enough energy to fuel around 44,000 cars (50% of cars in the county) or
heat around 33,000 homes (130% of homes on the natural gas grid in the county)
(Smyth et al, 2010a); and

-

Achieving policy targets: Significant biomethane development will contribute
effectively to achieving the mandatory EU targets by producing thermal,
electrical and transport energy in a renewable manner; it will reduce import
dependency and increase sustainability in the natural gas network.
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5.8

Discussion

Presently in Ireland, BGN does not have a definite quality specification for biomethane
injection into the grid. At the moment, all gas entering the network must adhere to the
relevant gas quality specifications laid down in Part G, Appendix A of the Gaslink Code
of Operations (Gaslink, 2012b). The quality of natural gas imported from the UK and Inch
must reach the gas quality standards of Part G of the code. Successful biomethane
injecting countries in Europe have specific guidelines with regard to biomethane quality
specification and injection. It is evident that a biomethane connection policy and quality
specification should be defined in a similar manner to Part G of the code for biomethane,
detailing the mandatory levels of the relevant gas quality parameters (Gaslink, 2012a).
Such a development would provide a basis for potential biomethane developers to
design and specify their upgrading facilities to the required standard. BGN and Gaslink
must guarantee that the biomethane infiltrating the grid will not damage the integrity
of the pipeline network or end use application by ensuring harmful impurities are
removed as per the quality specification. All measurement equipment to screen the
biomethane must agree with Part G, Section 4 of the Gaslink Code of Operations
(Gaslink, 2012b).

5.9

Network pressure

The pressure of natural gas is typically between 25 mbarg and 4 barg for the Distribution
network and is between 19 barg and 85 barg for the Transmission network (Gaslink,
2012a). For a biomethane facility to inject successfully into the grid, a compressor unit
is required to modify the gas to above the operating pressure of the network at the point
of entry. It is clear that injecting into the low pressure distribution network will be more
cost effective in terms of compression costs as the degree of pressure change is less.
Unless otherwise agreed with BGN in a connections agreement, the biomethane
producer will incur the capital and operating costs of the compression unit which should
be placed on-site.
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5.10 Network capacity
Limitations on the quantity of biomethane injected into the grid may occur if the
demand for gas is much lower than the levels being produced by the biomethane facility.
Therefore, a flaring component will be required to flare unwanted excess biomethane.
This is more of a commercial issue rather than a technical requirement, as gas allocation
transfers need to be directed by the Shippers. Long term purchase agreements would
benefit both the Shipper and the biomethane producers as a demand will always be met
by the injected biomethane. The flaring of gas causes a loss in profit that should be made
when the biomethane was injected to the network. Flaring also releases harmful carbon
dioxide emissions in to the atmosphere. Ideally, a biomethane facility should be
developed near a point in the distribution network where a significant consistent
demand is required even through low demand seasons (Gaslink, 2012a). A strategic
balance of the technical capabilities of the pipeline in terms of capacity and the
commercial transportation of gas in terms of satisfying demand is paramount.

5.11 Potential of renewable gas
The introduction of biomethane into the Irish gas network has many possible
implications in terms of energy production. From research of various publications in this
area, the following potential situations are examples of energy applications that could
arise through full development:
-

The development of 10 biodegradable municipal waste (BMW) biomethane
facilities will generate 1.68PJ of energy for the transport sector which translates
to 1.9% of the RES-T by 2020. This would fuel 33,800 cars in Ireland annually
(Goulding & Power, 2011);

-

The Bord Gáis 2010 Report “The Future of Renewable Gas in Ireland” estimates
that 11.4% (66PJ) of total final energy demand may be met with biomethane by
2020 with biomethane production from organic waste, slurry, grass and
slaughterhouse waste (BGÉ, 2010b);

-

The development of one agricultural biomethane facility could fuel
approximately 320 houses solely on biomethane or 2,665 houses on a mixture
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of biomethane and natural gas (containing 12% biomethane) (Smyth et al,
2010b); and
-

Study of a potential industry in Co. Limerick (an optimum location for
biomethane injection) showed that biomethane production (grass and
slaughterhouse belly grass) of 1.7PJ could be achieved from an area of 5% of
pasture. To put this in context, this energy could fuel around 44,000 cars (50% of
cars in Limerick) or heat around 33,000 homes (130% of homes on the natural
gas grid in Limerick) (Smyth et al, 2010a).

5.12 Conclusions
The injection of biomethane to the natural gas network in Ireland can provide many
clear benefits in terms of meeting mandatory energy targets, providing renewable
energy to the electrical, thermal and transport sectors, bringing a greater level of
sustainability to the natural gas grid and developing a new industry that would promote
innovation and new employment opportunities. Promoting energy efficiency in the
natural gas network will reduce the throughput of gas thus increasing the sale tariff to
the customer. Biomethane injection can reduce the sale tariff by increasing the
throughput in the network and the number of new connections to the system. However,
the injection of biomethane must not impact on the integrity of the network.
Specification standards, pressure requirements and consistent capacity demands must
be fully satisfied. There is a requirement for a standard entry arrangement for
biomethane, be it in a standalone document or a part of the existing Gaslink Code of
Operations. The addition of an odourisation agent provides a safety mechanism for gas
customers while propane inclusion ensures that the correct energy content is
maintained. The injection of biomethane is fully achievable in terms of natural gas
network sustainability once a clear relevant connection policy is put in place which
addresses the issues highlighted in this paper. BGN and Gaslink are in the strong position
to deliver the necessary requirements to allow biomethane injection prosper in Ireland.
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5.13 Chapter reflection
5.13.1 Motivation
The author has determined that Ireland has significant potential to produce large
quantities of biomethane that can penetrate its road transport industry if the correct
technical, infrastructure and regulatory instruments are developed; 1% of the area
under grasslands in Ireland can fuel 2.4%

of the passenger cars while satisfying 2.3%

of the RES-T target by 2020. Therefore in this chapter, the author is motivated to firstly
determine the technical requirements associated with injecting biomethane into the
Irish natural gas network and the associated advantages such a process can achieve
(infrastructure and regulatory requirements to be examined in later chapters). Through
a desktop study and engagement with the ISO, the author conducts a review of the
current configuration of the natural gas network in Ireland and associated technical
requirements in order to inject biomethane, primarily focussing on:
-

The Irish natural gas network’s physical and operational configuration;

-

The upgrading technologies required to clean biogas to an acceptable quality
specification;

-

The key technical processes required for network injection; and

-

The associated advantages and potential of biomethane injection into the Irish
natural gas network.

5.13.2 Important learnings
This chapter determined the key technical requirements on a physical and operational
basis in order to safely inject biomethane into the natural gas network in Ireland as well
as the associated benefits, in which the key findings are as follows:
-

The natural gas network extends over 13,000km in pipeline across Ireland,
servicing circa 670,000 homes and businesses. The network consists of a low
pressure distribution network and a high pressure transmission network; both of
which are capable of receiving biomethane through injection and transporting it
through the network to offtake refuelling stations;

-

There are numerous forms of biomethane upgrading technologies available on
the market (water scrubbing, organic physical scrubbing, chemical scrubbing,
etc.) and all of which can remove CO2 and other impurities to leave biomethane
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which has a similar quality specification to natural gas. These technologies are
fully developed with over 70 biomethane upgrading facilities injection
biomethane into the natural gas network in Germany in 2010 alone (Weiland &
Heinrich, 2010). This removes a significant technical barrier as the technology
expertise is already available;
-

Each country with a natural gas network in the EU has its own ISO with their own
code of operations which highlights the technical requirements for operating
their respective networks. In Ireland, the ISO has its Code of Operations which
currently does not account for biomethane injection. However, from reviewing
the Code of Operations it is evident that there are a number of technical
modifications required in order to inject biomethane safely into the Irish natural
gas network:
-

Injected biomethane must meet the natural gas quality specification of
Part G of the Code of Operations and odourisation and propane injection
is required as part of the upgrading process prior to injection. Again, such
process expertise is already available;

-

Injection of biomethane is best completed using the distribution network
as the associated lower pressure ensures that the compression costs of
the injection facility are significantly lower than a transmission injection
facility with higher network pressure. However, network analysis of any
distribution network which facilitates a biomethane injection point is
required in order to ensure that there is sufficient demand in the network
and that the network pressure remains within the limits of the network
zone. Biomethane injection points should be located in the distribution
network where a significant consistent demand is required even through
low demand seasons; and

-

Biomethane injection into the natural gas network in Ireland can increase the
security of supply of a critical form of energy by producing an indigenous
renewable energy source, that can fuel NGVs and heat homes, and in doing so
can contribute significantly to Ireland’s renewable energy targets, while
increasing utilisation of the natural gas network.
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5.13.3 Focus going forward
The natural gas network is reaching a state of maturity in Ireland where the potential
for extension of the pipeline is reducing as the majority of the major towns and cities in
Ireland are now serviced by the natural gas network. Biomethane injection and its
subsequent potential utilisation as a transport fuel can increase utilisation of the
network, bringing a greater level of sustainability while developing a new transport fuel
market which promotes innovation and new employment opportunities. Promoting
energy efficiency through biomethane injection can reduce the sale tariff of natural gas
to customers by increasing the throughput in the network and the number of new
connections to utilise the biomethane i.e. NGV refuelling stations.

Therefore, Chapter 6 will determine the optimum means in which utilisation of
biomethane should be integrated into the natural gas network and road transport
industry in Ireland. The author has ascertained the potential of biomethane as a
transport fuel energy source and the associated technical requirements of the natural
gas network to increase utilisation. Hence, the author deems the next step in the
development process is to review the road transport and natural gas industry in Ireland
in order to determine how to best introduce the utilisation of biomethane as a transport
fuel in terms of; the key policy barriers to overcome, the vehicle types to target, the
commercial treatment of biomethane and the impact of combining biomethane with
CNG.

137

Policies required to encourage biomethane as a transport fuel

6.0 What policies should be implemented to develop a
gaseous transport industry in Ireland?

Abstract
Gaseous transport has been successful in European countries such as Germany, Italy and
Sweden. However, the majority of European countries have seen little market
penetration of gas-powered vehicles. The utilisation of gaseous transport fuels in
Ireland, like in many countries, is currently overlooked as a sustainable option to
satisfying the European Union renewable transport target of 10% by 2020. A blend of
Compressed Natural Gas and its renewable form biomethane (bio-CNG) presents a
sustainable alternative that can diversify Ireland’s transport energy portfolio. With
transport fossil fuel prices at an all-time high; this paper focuses on analysing the bioCNG policies that can best influence the Irish transport sector through strategic
penetration in the captive fleet market. This paper identifies the main barriers to bioCNG development in Ireland and proposes an aligned strategic solution to deliver a
gaseous transport market. A bio-CNG roadmap is devised which provides Ireland with a
platform to assist satisfying renewable transport targets through captive fleets. The
findings of this paper highlight that bio-CNG has the potential to offer fleet operators a
22% financial savings versus diesel. Finally, the bio-CNG roadmap can meet 1% of
Ireland’s renewable transport target by fuelling 14,000 commercial gaseous vehicles.

Publication details: Goulding D, Gallagher C, Power NM, “What policies should be
implemented to develop a gaseous transport industry in Ireland?” Environmental Science
& Policy, Volume 44, December 2014, Pages 215-225.
http://dx.doi.org/10.1016/j.envsci.2014.08.004
This publication currently has 5 citations.
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6.1

Introduction

6.1.1 Dependency on oil
In 2010, circa 97.9% of the Irish transport sector energy demand was satisfied by
imported fossil fuels such as petrol and diesel (motor vehicle fuel) and kerosene
(aviation fuel); equated to a 120.7% growth rate in fossil fuel usage in transport since
1990 (Howley et al, 2011). During the last decade, petrol has traditionally been more
expensive than diesel. Petrol prices have increased by 85% since 2000 to January 2012
(EEP, 2012a). In 2013, the EU average retail price of petrol and diesel was €1.54/L and
€1.45/L, respectively (EEP, 2013). The rise in petrol and diesel prices can be related to
the crude oil market position. The predictability of crude oil pricing in the future is
becoming increasing difficult to judge due to high volatility in fuel markets and political
tensions in oil producing countries (AA-UK, 2012).

In the European Union (EU), the application of excise duty and value added tax (VAT)
varies in each Member State. Figure 6.1 highlights the breakdown of prices. In the EU,
Sweden and the Netherlands experience the highest transport fuel prices while Poland
experiences the lowest. Ireland is at the higher level with unleaded petrol and diesel
currently costing €1.61/L and €1.51/L, respectively; 4% over the EU average (EEP, 2013).
Of the cost of petrol and diesel in Ireland, €0.89/L (68%) and €0.76/L (58%) is attributed
to excise duty and VAT. Again, this is higher than the EU average which is €0.79/L and
€0.67/L, respectively (EEP, 2013). Such a high tax allocation to transport fuel aggravates
an already challenging environment for Irish motorists.

139

Policies required to encourage biomethane as a transport fuel

Petrol (€/L)
€2.00
€1.80
€0.32

€1.60
€1.40
€1.20

€0.26

€0.60

€0.27

€0.25

€0.75

€0.43

€0.59

€0.62

€0.28

€0.19

€0.23

€0.25

€0.22

€0.53

€0.53

€0.53

€0.53

€0.53

€0.53

Poland

Spain

Ireland

Sweden

Netherlands

EU average

€1.00
€0.80

€0.34

€0.30

€0.52

€0.41
€0.13

€0.40
€0.20
€0.00
Crude

Margin

Excise duties

VAT

Diesel (€/L)
€1.80
€1.60

€0.34

€1.40
€1.20

€0.25

€0.60

€0.25

€0.24

€1.00
€0.80

€0.26

€0.28
€0.57

€0.44

€0.41

€0.26

€0.28

€0.25

€0.53

€0.53

€0.53

€0.53

Ireland

Sweden

Netherlands

EU average

€0.33

€0.48

€0.31

€0.22

€0.53

€0.53

Poland

Spain

€0.36
€0.18

€0.40
€0.20
€0.00
Crude

Margin

Excise duties

VAT

Figure 6.1: The retail price at the pump for unleaded petrol and diesel – September,
2013 (EEP, 2013)
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6.1.2 Renewable transport
The EU Renewable Energy Directive 2009/28/EC has pressed the Irish government to
develop renewable transport infra-structure to achieve a binding 10% renewables share
in final transport energy demand (RES-T) by 2020 (EC, 2009a). Accordingly, the Irish
Government published its strategic policy; the National Renewable Energy Action Plan
(NREAP) which aims to achieve the mandatory Directive target in the form of blending
biofuels with traditional petrol and diesel and also the introduction of electric vehicles
(EVs), satisfying 9% and 1%, respectively (DCENR, 2010a). In 2012, the RES-T in Ireland
stood at 2.4% or 3.8% when weightings are applied to second-generation biofuels
(Howley and Holland, 2013).

Under the 2010 Biofuels Obligation Act, it is a legal requirement for Irish petrochemical
companies to achieve over 6% blends (by volume) in all road transport fuels (BOA, 2010).
This blend is anticipated to increase to achieve 10% RES-T by 2020 (NORA, 2013).
However, this does not reduce the country’s dependence on imports as the majority of
biofuels are imported by Irish petrochemical companies. The removal of the Mineral Oil
Tax Relief for liquid biofuels in January 2011 (a government subsidy to assist biofuel
development) has seen the demise of indigenous biofuel production as many biofuel
production facilities have been decommissioned due to financial difficulty and severe
competition for imports (Hearne, 2012). Pre-blended biofuels (such as ethanol,
biodiesel, and biobutanol) are readily available from Europe and the USA. Therefore,
petrochemical companies import fossil fuels pre-blended with 6% biofuels rather than
processing indigenous biofuels into their petrol and diesel imports (Hearne, 2012).

To achieve the 1% RES-T through EVs, the Irish Government envisages the penetration
within private car stocks of 10% EVs (circa 230,000 vehicles) by 2020 (DCENR, 2010a).
However, current EV uptake has been significantly slower than anticipated due to the
high purchase price of EVs, low battery range and technology uncertainty. In 2011, there
were only 74 EVs in operation in Ireland (Howley et al, 2012).
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6.2

Materials and methods

6.2.1 Focus of paper
This paper focuses on an alternative type of transport fuel, namely gaseous bio-CNG; a
blend of Compressed Natural Gas (CNG) and its renewable form biomethane. In terms
of biomethane production, grass silage as a feedstock and biogas utilisation as a
transport fuel have been found to be the optimal biogas technology for Ireland
(Goulding and Power, 2013). The blend of bio-CNG from grass has already had significant
success in countries such as Germany and Sweden, but is yet to be developed as a
transport fuel source in Ireland. As the technological infrastructure associated with bioCNG is already well developed, coupled with an abundance of grasslands, this paper
examines the ‘captive fleet’ as a strategic niche market to initiate a successful bio-CNG
industry that can compete with traditional fossil fuels. Due to the difficulty experienced
with EV penetration in the private vehicle market, this paper proposes a means to
overcome poor uptake in a new technology by focusing on utilising bio-CNG in captive
fleets such as buses, light goods vehicles (LGVs) and taxis.

The objective of the paper is to analyse the commercial pricing, tracking and retailing of
various bio-CNG blends through utilisation in captive fleets. This paper will focus on the
policy, infrastructural, technical and commercial requirements to develop a gaseous
transport fuel sector in Ireland. Finally, a bio-CNG roadmap is devised that focuses on
fleet market penetration, biomethane facility development requirements and RES-T
2020 contribution. Such a roadmap can be applied to other countries with similar natural
gas infrastructure as Ireland.

6.2.2 Policy drivers
Environmental policy from the EU is imposing challenging environmental, energy
efficiency and emissions targets on Member States. The key policy drivers mandated by
the Irish Government which bio-CNG can influence include: Renewable Energy Directive
2009/28/EC (EC, 2009a); National Emission Ceilings Directive 2001/81/EC (EC, 2001);
Clean Vehicles Directive 2009/33/EC (EC, 2009b); Climate and Energy Package 20-20-20
(EC, 2008); National Renewable Energy Action Plan, NREAP 2020 (DCENR, 2010a) and
the National Energy Efficiency Action Plan, NEEAP 2020 (DCENR, 2010b).
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6.2.3 Gaseous biofuel development
CNG is a mature form of transport fuel; the simplicity of CNG as a transport fuel is
apparent as it offers; little processing from well to wheel, it is clean burning and is
utilised around the world (Thamsiriroj et al, 2011). Emissions modelling comparing a
conventional diesel bus fleet in Dublin City (capital of Ireland) against an equivalent CNG
bus fleet concludes that there is minimum reduction of 70% in emissions of all air
pollutants when running on CNG (Ryan and Caulfield, 2010). In 2012, a Natural Gas
Vehicle (NGV) trial was carried out by Bus Éireann (a public bus service) in Cork City
(Ireland). The trial ran for a period of 2 months on two of the busier city routes. This trial
concluded that the CO2 emission saving was of the order of 22% in comparison to diesel
(Byron, 2012). Furthermore, the introduction of biomethane to the CNG will significantly
improve this emission reduction as biomethane is considered a renewable fuel under
the Directive 2009/28/EC with a default emissions saving of biogas from wet manure of
81% (EC, 2009a). There is also the potential to retrofit fossil fuel vehicles to operate on
CNG; retrofitted CNG fuelled engines in Malaysia operate effectively for economic,
environment and energy security reasons and can reduce CO (80%), CO2 (20%) and HC
(50%) when compared to petrol (Aslam et al, 2006).

At present, other technologies are also showing promising emission reduction with Plugin Hybrid Electric Vehicles (PHEV) demonstrating up to 28–34% emission reduction
(EPRI, 2007). However, because electrification of heavy good vehicles and other large
vehicles is currently unrealistic on a technical and financial basis (Smith, 2010), EVs are
not deemed as a realistic alternatives for buses and LGVs in Ireland at this stage. In
relation to taxis, the long distances travelled and the time to recharge a PHEV mean
operating in electric mode would be limited. Therefore, this paper is focusing on the use
of bio-CNG in captive fleets in Ireland. But as technology improves and progresses the
possibility of PHEV-CNG is worth considering at a future stage.

Biomethane as a transport fuel has a similar composition to CNG. Anaerobic digestion
(AD) is the process of converting organic matter into biogas in an oxygen-free
environment. Biogas typically consists of CH4 (55%), CO2 (45%) and trace impurities such
as H2S and O2. Injection of biomethane into the natural gas grid is a rapidly emerging
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technology in many countries throughout Europe. When biogas is utilised in the grid or
as a transport fuel, it must be upgraded through cleaning to biomethane (>97% CH4) by
removing the CO2 and other impurities. There are a number of types of upgrading
technologies available such as pressure swing adsorption, water scrubbing, chemical
(amine) scrubbing and the cryogenic technique (Patterson et al, 2011). Once the CO2 is
removed from the biomethane, it is either dissipated into the atmosphere, treated
(treatment is dependent on the upgrading technology) or sold as a product if the CO 2 is
of high enough purity (Zhao et al, 2010). If the CO2 and other pollutants that are
extracted from biogas during upgrading are dissipated in the atmosphere, the
contamination of the environment will counteract to the benefits of producing a
renewable fuel to replace current fossil fuels (Zhao et al, 2010). The cleaning of biogas
to biomethane and the subsequent removal of CO2 and other impurities is critical to the
sustainability of injecting biomethane into the grid.

6.2.4 Bio-CNG applications
There are a number of applications for biogas energy; biogas produced from grass silage
to combined heat and power (CHP) units is commercially viable for medium scale AD
facilities in Ireland (Goulding et al, 2010); there is significant potential for biomethane
(also from grass silage) as a transport fuel in Ireland (Murphy and Power, 2009);
biomethane injection into the natural gas grid for thermal energy utilisation in a
standard gas boiler is operationally simplistic as end user applications require no
modification (Smyth et al, 2010). Also, the production and sale of biomethane as a
transport fuel in the United Kingdom (UK) can be financially competitive with the
production of renewable electricity and heat using CHP when excise relief and other
support mechanisms are available (Patterson et al, 2011).

Bio-CNG blending occurs when biomethane is injected into the natural gas grid. In
Germany, bio-CNG mix proportions are usually in the range of 5–20% biomethane
(DENA, 2011). At an elevated level, biomethane blends of 55% are available to motorists
in Sweden, thus increasing the renewability of the bio-CNG product (Browne et al, 2011).
In Sweden, the share of biomethane in vehicle gas sales has been higher than CNG since
2006 and currently stands at over 60% (Strauch et al, 2012). The German biomethane
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market has seen rapid growth since the first two biomethane injection plants were
commissioned in 2006 (FnBB e.V., 2010). In 2010, there were a total of 57 plants feeding
biomethane into the natural gas grid (FnBB e.V., 2010). In 2013, bio-CNG services 915
CNG stations, fuelling over 96,349 NGVs in Germany (del A´lamo, 2013). NGVs are an
already advanced technology in comparison to EVs and have the ability to be a viable
transport option for Europe going forward once the correct infrastructure is in place
(Engerer and Horn, 2010). There are over 17.73 M NGVs operating worldwide
consuming a reported 6.4 M Nm3 of natural gas each month (del A´lamo, 2013). Europe
accounts for 26% of worldwide CNG consumption in transport. Italy is the main
contributor to NGV development in Europe as there were 959 public CNG stations
fuelling 0.85 M NGVs in 2013 (del A´lamo, 2013).

6.2.5 Infrastructural utilisation
Bord Gáis Networks4 (BGN) is the owner of the natural gas network in Ireland which it
operates via an operating agreement on behalf of Gaslink5 – the Independent System
Operator (ISO). In 2012, Irish natural gas demand (93%) was met by UK imports with the
remaining gas supplied by means of indigenous gas field reserves and storage (BGÉ,
2012). The BGN network consists of a high-pressure steel pipeline system (Transmission
network) and a low-pressure polyethylene network (Distribution network). In 2012, BGN
owned 2,417 km of Transmission network and 11,131 km of Distribution network which
transported 67,900 GWh of gas, servicing 657,500 customers (BGÉ, 2012). The network
serves 160 population centres which can be hugely beneficial to gaseous transport fuel
development in Ireland as the need for large infrastructural development and capital
funding will be minimal.

Biomethane potential is primarily based on indigenous resources, which Ireland has in
abundance. The utilisation of agricultural residues such as grass silage (a non-food crops

4

The electricity and gas supply business, Bord Gáis Energy, was sold by the Irish Government in 2014. The
company name Bord Gáis was included in the sale. The remaining gas network business, Bord Gáis
Networks, was therefore required to change its name under the terms of the sale and was renamed Gas
Networks Ireland (GNI, 2015).
5
In compliance with the EU Natural Gas Directive (2009/73/EC), on 01 August 2015 the responsibilities of
the ISO - Gaslink (including the Transmission and Distribution System Operator Licences) were transferred
from Gaslink to Gas Networks Ireland as the new System Operator (GNI, 2018).
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thus avoids the food versus fuel debate), animal slurries and slaughterhouse waste has
significant potential for energy production. The Bord Gáis 2010 Report ‘‘The Future of
Renewable Gas in Ireland’’ estimates that 11.4% (66PJ) of total final energy demand can
be met with biomethane by 2020 with biomethane produced from grass silage, organic
waste, slurry, and slaughterhouse waste (BGÉ, 2010). Furthermore, it high- lights a
practical obtainable level of 7.5% of Ireland’s natural gas may be substituted with
biomethane by 2020 (Singh et al, 2010).

The injection of biomethane to the natural gas network in Ireland brings a greater level
of sustainability and security of supply to the natural gas grid and developing a new
industry would promote innovation and new employment opportunities. Biomethane
injection can reduce the price of natural gas which consumers pay by increasing the
throughput in the network and the number of new connections to the system (Goulding,
2011). However, the injection of biomethane must not impact on the integrity of the
network or end use application by ensuring harmful impurities are removed as per the
quality specification. Specification standards, pressure requirements and consistent
capacity demands must be fully satisfied (Goulding, 2011; Smyth et al, 2011).

6.2.6 Technical specifications
There are a number of technical barriers which need to be addressed to assist
biomethane injection into the natural gas network: (1) quality specifications, (2)
connection arrangements, (3) pressure requirements and (4) demand requirements.
Presently, the ISO does not have a definite technical specification for biomethane
injection into the grid. All gas entering the network must adhere to the relevant gas
quality specifications laid down in Part G, Appendix A of the Gaslink Code of Operations
(Gaslink, 2010). The quality of natural gas imported from the UK must reach the gas
quality standards of the Code. Successful biomethane injecting countries in Europe have
specific guidelines with regard to biomethane quality specification and injection. A
biomethane connection policy and quality specification should be defined in a similar
manner to Part G of the Code. This would provide a basis for potential biomethane
developers to design and specify their upgrading facilities. Specific measurement
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equipment to screen the biomethane must agree with Part G, Section 4 of the Code
(Gaslink, 2010).

The pressure of natural gas is typically between 25 mbarg and 4 barg for the Distribution
network and is between 19 barg and 85 barg for the Transmission network (Goulding,
2011). For a biomethane facility to inject successfully into the grid, a compressor unit is
required to compress the gas to above the operating pressure of the network at the
point of entry. Injecting into the low-pressure Distribution network will be more cost
effective in terms of compression costs as the degree of pressure change is less.

Limitations on the quantity of biomethane injected into the grid may occur if the
demand for gas is much lower than the levels produced by the biomethane facility.
Ideally, a biomethane facility should be developed near a point in the Distribution
network where a significant consistent demand is required even through low demand
seasons (Goulding, 2011). Over time, the identification of areas on the natural gas grid
where demand requirements can be synergised with bio-methane injection will provide
a strategic balance of the technical capabilities of the pipeline in terms of capacity and
the commercial transportation of gas in terms of satisfying demand with a renewable
alternative.

6.2.7 Commercial requirements
The ideal scenario for an AD facility is to produce, upgrade and inject the biomethane
on the site of the digester. Once in the gas network, the bio-CNG can be transported
virtually to any point in the network where an off-take fuelling station is present with
the relevant compression and dispenser units. Once the biomethane is in the system it
is deemed the same as all other natural gas in the system. From a commercial
transportation perspective, a certification system is required to ensure biomethane
injected into the network is firstly, registered as a green product and secondly, the
biomethane is tracked virtually and the value of the biomethane is materialised through
its sale to NGV owners.
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In the UK, the Renewable Energy Association (REA) has introduced the Green Gas
Certification Scheme (GGCS) which tracks biomethane through the supply chain to
ensure certainty for the consumers that purchase it (REA, 2011). The REA tracks
biomethane volumes by labelling it electronically with a unique identifier known as a
Renewable Gas Guarantee of Origin (RGGO), which guarantees authenticity (REA, 2011).
In Germany, a similar approach is taken with the German Energy Agency deploying a
web based register to track biomethane volumes with Guarantees of Origin (GOs) issued
accordingly (GGG, 2012).
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Figure 6.2: Potential arrangement for the virtual transfer of bio-CNG from biomethane
producer to fuel depot

The requirement for a biomethane certificate register is paramount to develop a
gaseous industry in Ireland. A process map in Figure 6.2 highlights how to materialise
the value of the biomethane produced through the virtual tracking of the gas in the
network. Verification of the biomethane injected into the network by the ISO will allow
the biomethane to be tracked with an individual certificate issued per unit. The
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incorporation of a purchasing agreement between a biomethane producer and a
supplier will enable the supplier to materialise the value of the biomethane by selling it
to the individual fuelling stations and captive fleet depots.

GOs are already in existence as certification for renewable electricity generators in the
Irish electricity market (CER, 2011a). Once GOs are verified by the Electricity Market
Operator, they are eligible for the Irish Fuel-Mix Disclosure (FMD) (CER, 2011b). The FMD
is used as the registration tool to prove to final customers that a given share or quantity
of energy was produced from renewable sources (CER, 2011b). A similar arrangement is
vital to effectively transport bio-methane in the Irish gas network.

To assist with the ease of comparing, a metre cubed of biomethane will be referred as a
litre diesel equivalent (1 m3 = 1 LDE) as both fuels have equivalent energy contents
(Browne et al, 2011). In Ireland, it has been derived that the price of biomethane
produced in a 50,000 TPA facility utilising grass silage and pig slurry in 2011 costs
€1.406/LDE (incl. VAT). The breakdown in sale price includes: biogas production 56%,
upgrading 13%, compression and distribution 10% and VAT 21%. With agricultural
biomethane production being as expensive to distribute at the pump as petrol and
diesel, the addition of CNG to the blend can lower the sale price of bio- CNG to the
consumer.

The UK gas market has a significant effect on gas prices in Ireland. The commodity price
of natural gas for Industrial and Commercial (I&C) premises decreases as the volume of
gas increases. For this analysis, I/C prices are used in pricing CNG as commercial
premises are assumed to use similar volumes of gas to captive fleet depots. Also, natural
gas prices tend to fluctuate in a vibrant market and therefore it is assumed that the price
of natural gas will be in line with the European Energy Portal average. Their market
analysis has derived that the average I/C sale price (February 2012) of natural gas in
Ireland was €0.0344/kWh which equates to €0.358/LDE (EEP, 2012b). In comparison, to
other European countries, Irelands I/C gas retail prices are at the lower end of the scale,
unlike petrol and diesel.
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The percentage of biomethane in the bio-CNG admixture will have implications on the
cost of the fuel at the pump. As biomethane is significantly more expensive to bring to
the pump at €1.406/LDE, the blend of the CNG incorporated will have to be the dominant
fuel in the admixture. To bring CNG to the pump will cost €0.507/L DE, based on the
purchase price of the gas plus the cost of compression and distribution of biomethane
at €0.149 LDE (Browne et al, 2011). The advantage of bio-CNG is that the blend of the
admixture can be modified to reflect market conditions and remain competitive. Figure
6.3 highlights the potential cost at the pump to consumers based on different blends of
bio-CNG. With excise duty removed (present policy), a blend of bio-CNG with 20%
biomethane can be purchased at the pump at €0.687/LDE, a 53% and 55% reduction in
comparison to the price of diesel and petrol, respectively. For the remainder of the
paper, the delivery of a bio-CNG roadmap to 2020 is derived assuming a bio-CNG blend
of 20% biomethane.
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Figure 6.3: Price at the pump of bio-CNG based on CNG concentration in the blend

6.2.8 Policy barriers
The Irish Government has placed a strong focus on providing support incentives for
renewable electricity generators in the form of the Renewable Energy Feed in Tariff
(REFIT). In early 2012, REFIT 3 was introduced to support AD to electricity, AD to CHP
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and biomass to CHP. REFIT 3 financially supports AD to CHP; 15 cent/kWh for units ≤500
kW and 13 cent/kWh for units ≥500 kW (DCENR, 2012). However, policy is currently
overlooking biomethane injection for financial support with no such subsidy for
renewable gas in Ireland. Such exclusion is negated by the removal of excise duty from
gaseous transport fuel; however, there is no long-term certainty that this will remain
into the future.

In the UK, the Renewable Heat Incentive (RHI) scheme provides financial subsidies for
biogas producers who wish to utilise biogas as a heat source or to inject biomethane
into the grid (DECC, 2012). The value of the RHI in 2012 was 8.8 cent/kWh (OFGEM,
2012). The introduction of such a support incentive for biomethane in Ireland can
positively impact both the transport and heat targets of Directive 2009/28/EC. The
provision of a subsidy similar to REFIT (or sharing of a subsidy which is available for ADCHP) for biomethane injection as a transport fuel would significantly influence the
initiation of a gaseous transport industry in Ireland. The success of bio-CNG transport
industries, in countries such as Germany, Sweden and Holland was strongly influenced
by support subsidies. However, such a biomethane subsidy programme for Ireland must
be carefully derived and stringently governed given the struggles experienced with the
Northern Ireland RHI. The design of the 2012 RHI scheme in Northern Ireland was deeply
flawed and offered higher subsidies than the cost of the associated fuel, thus
incentivised RHI beneficiaries to burn more and more fuel while increasing profits
(Muinzer, 2017). The RHI scandal has cost an estimated £490 million to Northern Ireland
tax payers (Muinzer, 2017). A full route and branch examination and detailed analysis
into the provision of financial subsidies is required to ensure that biomethane is fairly
treated as a transport fuel and does not exploit Irish tax payers, transport fuel
consumers and industry participants.

Germany is Europe’s largest biomethane producer and has experienced unmatched
growth in biomethane production resulting in Germany having the largest feed-in
capacity in Europe (Bowe, 2013). The main driver for biomethane production within
Germany were the feed-in tariffs for electricity generation where a bonus for
biomethane feed-in of up to €0.03/kWhel was implemented. Approximately 70% of
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biomethane produced in Germany is used for electricity/CHP generation with the
remaining 30% split between heat (10%) and transport (20%) (GGG, 2014). This shows
that bio-CNG has numerous uses and advantages and can be used for a variety of
applications. Germany serves as a good example of how effective policy can encourage
biomethane production. However, this paper focuses on the transport application of
bio- CNG to help Ireland achieve its RES-T target under the Directive 2009/28/EC.

To make bio-CNG applicable to fleet companies, simple incentive mechanisms are
required to entice the utilisation of NGVs in captive fleets. In a study of the potential to
develop a biomethane transport industry in Ireland, incentives to road users for
operating NGVs such as road tax relief, road toll relief and free city parking are suggested
to positively promote biomethane (Goulding and Power, 2011).

6.3

Results

6.3.1 Strategic utilisation
The delivery of a bio-CNG industry will require strategic certainty through the following:
the ability to match supply with demand, long-term contractual confidence, profitability
for producers/suppliers and savings for customers. Therefore, a bio-CNG industry should
have the captive fleet at the core of its focus. The utilisation of NGVs in the form of
commercial trucks and public buses are delivering major success in the USA and Asia
(Engerer and Horn, 2010). In Europe: France, Germany, Sweden and Italy are the leading
players in gaseous captive fleet delivery where the focus for gaseous transport policy
was placed on urban bus and taxi services, waste collection and other city residing
services (Engerer and Horn, 2010). Delivery of a successful captive fleet NGV industry
can pave the way for private NGVs sales by instilling confidence into the market. The
alternative option is to introduce bio-CNG in public fuel service stations and rely on
private vehicles to develop the market. Such an emphasis on public participation has not
effectively succeeded with EVs over the past number of years.

Injected biomethane that has commercially contracted demand in the form of a captive
fleet provides a high level of certainty. This is a flexible solution as the contracted
demand can be satisfied anywhere on the grid through the virtual sale of the gas. Bio152
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CNG can be provided to the fleet operators at a fixed price ensuring a degree of certainty
(through adjusting the blend) which diesel and petrol cannot presently provide. Captive
fleets have the advantageous ability to match supply and demand, create greater uptake
in NGV fleet ownership and can be reinforced by contractual guarantees. The utilisation
of bio-CNG in the captive fleet is further reinforced by a strong market presence in terms
of high captive vehicle volumes in Ireland.

6.3.2 Fleets by type
Over the last decade, Ireland’s commercial transport industry has grown and peaked
due to the rapid development in the Irish economy. In 2012, over 309,000 goods vehicles
operated on Irish roads, a 50% increase since 2000 (CSO, 2012). The current landscape
with regard to commercial and public service vehicle volumes indicates that there are
1,500 public buses, 21,000 taxis and 52,000 LGVs operating that could be penetrated
with NGVs (CSO, 2012). The utilisation of bio-CNG in taxi fleets is becoming increasing
popular around the world with countries like Singapore currently operating 3000 urban
NGV taxis. In 2012, California introduced its first fleet of NGV taxis. NGV deployment in
urban taxi ranks is suitable as taxis can return to a centralised depot to refuel as
customer fares will predominantly be within a certain urban radius of the city centre. A
similar arrangement suffices with public CNG buses which also abide by consistent
routes and refuel at centralised depots. LGV delivery fleets are also suitable for NGV
deployment as companies such as An Post (the Irish mail service) conduct urban
deliveries daily, operating from a primary base each morning. Hence, this paper focuses
on the penetration of NGVs into the taxi, public bus and commercial LGV captive fleets.

6.3.3 Fleet efficiency
In Ireland, the fuel predominately used in captive fleets is diesel as buses and LGVs are
typically designed to operate on diesel. Also, taxis choose to operate on diesel as
opposed to petrol as the VAT can be reclaimed against company expenses. Thus when
comparing bio-CNG to fossil fuels, the comparison will be made against diesel as this is
the fuel of choice for captive fleets in Ireland. The penetration of NGVs into a mature
transport fleet industry will only occur if it is financially viable. The ideal model for a fleet
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manager is to replace an ageing fleet at the end of its life cycle with a new NGV fleet and
fast-fill filling station on-site.

Figure 6.4 illustrates how newly purchased NGVs can outperform tradition diesel fleet
vehicles in terms of procuring and operating the vehicles over a 5 year period. The data
utilised in deriving the economic performance of the vehicles is industry available and
takes into account; the vehicle purchasing costs, fuel consumption and associated
maintenance costs each year. The prices of diesel and bio-CNG (20% biomethane blend)
applied are €1.51/L and €0.687/LDE, respectively.

Lifetime cost analysis over a five year operating period found that; equivalent taxis are
12% cheaper on bio-CNG versus diesel travelling 45,000 km/a, a LGV running on bioCNG is 22% cheaper travelling 60,000 km/a while a bio-CNG bus is 21% cheaper when
travelling 100,000 km/a. This clearly illustrates that bio-CNG offers a commercial
alternative to traditional transport fossil fuels. The omission of a €100,000 one-off
capital cost for a fast-fill filling station on-site (Scallan, 2011) is assumed as new public
CNG refuelling station developments can avail of capital funding assistance from the EU
Causeway Study through collaboration with the network operator Gas Networks Ireland
(GNI, 2017).
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Figure 6.4: Lifecycle cost comparison of NGV types versus diesel equivalents over a 5
year period. Source: Adapted from (VW, 2012), (Mercedes, 2012) and (Scallan, 2011)
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6.3.4 A bio-CNG roadmap
The 50,000 TPA agricultural digestion facility (incorporated in the derivation of
biomethane production costs) will produce 2.1 MLDE/a of biomethane generating 77,000
TJ/a of energy (Browne et al, 2011). A potential roadmap to a successful biomethane
industry capable of contributing to RES-T and diversifying Ireland’s transport portfolio is
highlighted in Figures 6.5 and 6.6. Such a roadmap highlights a ‘‘strategic solution’’ and
is dependent on a number of variables. In Ireland, the development of AD facilities is
relatively slow (due to planning processes and commercial assurances), and therefore,
it is assumed that one biomethane facility will be commissioned each year from 2014 to
2016 ramping up to two facilities commissioned each year from 2017 to 2020. The
roadmap is an illustration of what can be achieved if the policy and technical barriers
which are highlighted in this paper are overcome.

The agricultural cooperative model in which farmers bring their surplus grass and slurry
to a centralised location is ideal for biomethane production. The cooperative model,
assuming contractual agreement can be reached between all associated parties, makes
the project less capital intensive for the individuals and reduces their risk. Figure 6.5
illustrates the structure of the roadmap, including the associated infrastructure and
energy inputs, with 11 biomethane facilities injecting 23.1 MLDE/a or 0.847 PJ/a of
biomethane into the natural gas grid by 2020. To achieve an 80% CNG blend, a further
92.4 MLDE/a of natural gas will be required for delivery to the transport industry.
Therefore in 2020, there will be 115.5 MLDE available for captive fleets in 160 population
centres throughout Ireland.
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Figure 6.5: Bio-CNG Roadmap inputs illustrating biomethane facility potential and the
associated bio-CNG volumes required to reach 1% RES-T by 2020

The RES-T share to 2020 due to the penetration of biomethane is illustrated in Figure
6.6. Current forecasts suggest that Ireland’s total transport energy demand will be 167.7
PJ in 2020 (Howley et al, 2012). This roadmap will provide 10% of the final Irish RES-T
target (or 1% RES-T) by 2020 assuming double credits for biomethane (0.847/PJ×2) as
stipulated in the Directive 2009/28/EC (EC, 2009a). Focus on the captive fleet also means
the purchase of NGVs in bulk, in which a savings can be materialised much easier than
the purchase of a private passenger vehicle.

Figure 6.6 also depicts the output number of vehicles required to achieve a 1% RES-T,
while proportionately assuming the utilisation of 50% of bio-CNG is attributed to LGVs,
30% to public buses and 20% to taxis. Based on NGV efficiencies from industry and
previously highlighted distances travelled per annum, 11 biomethane facilities deploying
a 20% blend of bio- CNG can achieve a market share (based on 2012 CSO data) of 11.2%
(5,839 vehicles), 50% (754 vehicles) and 36% (7,556 vehicles) in the LGV, public buses
and taxi services sectors, respectively. The aggregate of such penetration equates to an
equivalent market share of 19% (14,149 vehicles) by 2020.
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Figure 6.6: Bio-CNG Roadmap outputs illustrating NGV penetration through captive
fleets required to achieve 1% RES-T by 2020

6.4

Discussions

6.4.1 Bio-CNG potential
The delivery of a gaseous transport industry in the form of bio-CNG through the captive
fleet is deemed to be a viable option in an Irish context. This paper highlights that bioCNG can be purchased in fuel service stations at a 53% and 55% reduction in comparison
to the price of diesel and petrol, respectively. Over the life cycle of an NGV, a saving of
up to 22% (CNG LGV) can be achieved for vehicle owners in comparison to its diesel
equivalent when taking the purchase price, fuel consumption, and maintenance costs
into consideration. This paper proposes a strategic bio-CNG roadmap to deliver 10% of
the Irish RES-T target (or 1% RES-T) by 2020 through the commissioning of 11
biomethane facilities that are capable of injecting biomethane into the natural gas
network.

This strategy has a number of benefits; the biomethane element is renewable and
indigenously produced unlike fossil fuels and also biofuels that are currently imported.
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Also, engine technology is more advanced for NGVs that are proven worldwide unlike
EVs (both passenger and commercial) which have a number of reservations surrounding
battery life, charging durations, variety of models available and high capital costs. This
is reflected in the current uptake of EVs and NGVs across the globe. In 2017, there were
3.25m EVs in operation worldwide, consisting of 3.1m battery or plug in hybrid
passenger EVs and 0.25m light commercial EVs (IEA, 2018). Meanwhile, NGVs have
experienced significantly more success with 26.1 million NGVs in operation in 2018
(NGVG, 2018).

The key difference between the proposed bio-CNG roadmap and the current EV strategy
in Ireland is that the roadmap is targeting a niche market with significantly sized captive
fleets who are commercially driven. As illustrated in this chapter, bio-CNG captive fleets
can offer savings of 22% in comparison to traditional fossil fuel fleets. Conversely, the
current EV strategy is targeting the private passenger vehicle market where EVs are
finding it difficult to be socially accepted due to the dependability and variety which
diesel and petrol car manufacturers provide.

Of course, the uptake of NGVs is still dependent on the implementation of the policy
and technical measures highlighted in this paper, the aggressiveness of fleet companies
and their necessity to change their fleets to NGVs to make economic savings. The
proposed bio-CNG roadmap will penetrate 11.2% of the LGV sector, 50% of public bus
fleets and 36% of the country’s taxi services. Such a roadmap, will fuel over 14,000 public
service and commercial vehicles, increasing the renewable representation while
diversifying Ireland’s transport portfolio.

6.4.2 Conclusions and policy implications
Recommendations from a paper analysing the future energy and emissions policy
scenarios in Ireland strongly suggested that a significant emphasis on achieving a 10%
CNG share in the transport sector is required to assist mandatory renewable targets
(Daly and O’Gallachóir, 2012). This paper recommends as an initial step, the delivery of
the devised bio-CNG roadmap that can influence 1% of Ireland’s RES-T contribution by
2020. The implementation of the proposed roadmap will require a capital investment in

159

Policies required to encourage biomethane as a transport fuel

the region of €90M based on the cost of developing a 50,000 TPA anaerobic digestion
to biomethane facility fuelled by grass silage and slurry (as analysed in Chapter 4). From
an environmental perspective, the implications of achieving a 1% RES-T is an important
and significant body of work which was not considered in this chapter due to the scale
of the analysis required. For such a roadmap to be rolled out, significant strategic
cumulative focus is required from a number of government, policy, technical and
commercial stakeholders. The key focus to deliver a bio-CNG roadmap is the captive
fleet. The ability to match supply and demand through contractual agreements provides
certainty in the market and is paramount to enduring success. Once such a market
begins to thrive, focus can be transferred to bringing bio-CNG to public fuel service
stations and infiltration of the private sector.

To deliver the bio-CNG roadmap, there are number of technical and commercial barriers
which need addressing. To allow biomethane producers to inject into the network, a
renewable injection connection policy should be devised incorporating specific
biomethane quality specifications and pressure requirements for producers. Virtual
transportation of the bio-CNG is also a necessity, with the setup of certification system
strongly recommended. This capability should be introduced to facilitate the effective
management of bio-CNG and will notify the customer of the ‘greenness’ of the product
being utilised.

The delivery of this expansive bio-CNG roadmap is ambitious but is also achievable. In
2006, Germany commissioned two biomethane facilities; five years later there are 57 in
operation. Hence, Ireland is extremely well placed to broaden its renewable transport
portfolio through bio-CNG; there is a fully operational natural gas network and there are
agricultural feedstocks in abundance for biomethane production that can compete
attractively against diesel and petrol. A bio-CNG industry through captive fleets is
capable of satisfying 1% RES-T provided the issues highlighted in this paper are
addressed.

The Natural and Bio Gas Vehicle Association of Europe state that there are two obstacles
still obstructing the industry’s growth: there is still a clear lack of infrastructure to
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support fleet companies who want to make the switch to gaseous transport fuel.
Secondly, financial support and policy from the government is still in early development.
So the need to set a business model and future strategy in order to be competitive in
this market has never been more paramount (NGVA, 2013). In the case of Ireland, the
central infrastructure is already present in terms of the gas network but the policy and
regulatory mechanisms to allow biomethane injection and bio-CNG take-off from the
system is required. In terms of financial support, a capital grant scheme may be required
to entice fleet operators to install CNG filling stations in their depots. Also, a sharing of
the REFIT pot to incentivise biomethane production is required.

As biomethane is a transport fuel that can assist Ireland’s RES-T targets, biomethane
should be catered for in the REFIT scheme. Such a policy shift would illustrate a strong
commitment to gaseous transport. Alternatively, the incorporation of a Renewable
Transport Incentive (RTI) into Irish energy policy in a similar vein as the UK RHI is
necessary to kick-start a gaseous transport industry. Although, gaseous transport fuels
currently receive excise relief, long-term uncertainty to this EU commitment jeopardises
such business cases of AD and CNG facilities and reduces their ability to source funding
from financial institutions. A RTI may be introduced through the commitment to longterm exclusion of excise duty to incentivise fleet operators to purchase bio-CNG at a discounted price thus allowing prompt payback of their initial capital investments. Such
incentives proposals have seen the fruition on vibrant gaseous transport industries in
countries like Italy, Germany and Sweden.

In conclusion, a streamlined approach is required that ensures that the policy, market,
technical, commercial and infrastructural measures highlighted in this paper are
harmonised and aligned into an achievable template for other countries to follow. In
Ireland, a proportionate level of support is required to ensure a bio-CNG industry can
assist EVs and biofuels in achieving its RES-T.
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6.5

Chapter reflection

6.5.1 Motivation
As previously illustrated by the author, there is significant potential for biomethane as a
transport fuel in Ireland once the identified technical parameters are satisfied. Assuming
the biomethane potential and technical recommendations highlighted in Chapters 4 and
5 are delivered, the next step in the process is to determine how best to utilise the
produced biomethane in an efficient and strategic manner. Therefore, the author was
motivated to determine the most effective approach to utilise biomethane (and bioCNG) as a transport fuel and to determine the key market and policy conditions for such
utilisation. A review of the Irish road transport industry is completed that highlights the
country’s dependency on fossil fuels and the need for other forms of renewable
transport energy.
In terms of this comparative research into the policies and market conditions required
to utilise biomethane as a transport fuel in the Irish transport industry, the parameters
investigated by the author and the associated reasoning are as follows:
-

As with the previous chapters, the focus of this research is based on an
agricultural AD facility utilising grass silage and slurry as a feedstock while
applying the recommendations for Chapter 5 to inject biomethane into the Irish
natural gas network;

-

The biomethane utilisation pathway investigated in this analysis is the
commercial “captive fleet” such as NGVs which have consistent travel and
refuelling patterns and return to centralised depot to refuel; and

-

The utilisation of biomethane as a transport fuel is examined through key market
considerations such as policy drivers and barriers, technical natural gas network
specifications, commercial market requirements and infrastructural utilisation.

6.5.2 Important learnings
This chapter has undertaken an in-depth review of the transport industry and natural
gas industry in Ireland, considering the overarching policy, technical, commercial and
infrastructural requirements, to determine how biomethane as a transport fuel can be
successfully integrated into the transport industry’s energy portfolio in which the key
findings are as follows:
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-

As correctly assumed by the author, the commercial “captive fleet” is the most
effective NGV type to promote biomethane utilisation in the Irish transport
industry for the following reasons:
-

Captive fleets such as public buses, LGVs and taxis have the ability to
provide a greater level of certainty to biomethane producers and fuel
suppliers as the volume of travel movements are known, the number of
NGVs utilised is known and the supply of biomethane to meet demand
can be guaranteed by contractual agreements;

-

Unlike private passenger vehicles which are the focus of EV utilisation
policy, the captive fleet does not require a significant network of
refuelling points as all captive fleet NGVs will return to a centralised
depot to refuel. This eliminates the commercial risk of a refuelling
infrastructure roll-out to initiate the market across the country i.e. one
bio-CNG refuelling point may have the ability to refuel 20 captive fleet
NGVs daily whereas you may require numerous bio-CNG refuelling points
to refuel 20 private passenger NGVs with unknown travel patterns; and

-

There is a significant opening for biomethane to supply the Irish
commercial/industrial road transport market as renewables currently do
not impact in this sector of the transport industry. Unlike EVs that are
currently restricted to passenger vehicles due to the low battery ranges
and high capital costs, NGVs have no such issue with driving long
distances with heavy loads and can switch to petrol or diesel if required
through their dual fuel or bi-fuel engines.

-

It is evident from the findings in this paper that CNG provides the most effective
route to market for biomethane utilisation in Ireland through blending as bioCNG. Firstly, biomethane distributed on-site at an AD facility has financial
constraints as highlighted in Chapter 4 and its distribution is limited by the AD
facility’s location. Therefore, injecting biomethane into the natural gas network
to form bio-CNG significantly increases utilisation potential. Secondly,
biomethane produced from agricultural residues is currently unattractive to the
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market in terms of price6 when CNG is not present (100% biomethane =
€1.406/LDE, which is dearer than petrol or diesel). As CNG is significantly cheaper
than biomethane, blending to form bio-CNG becomes extremely competitive for
captive fleets against traditional fossil fuels (bio-CNG (20% biomethane) =
€0.687/LDE, a 53% and 55% reduction in comparison to the price of diesel and
petrol). This equates to a saving of up to 22% for bio-CNG LGV in comparison to
its diesel equivalent when taking the fuel purchase price, consumption and
maintenance costs into consideration. Finally, as CNG can initiate the gaseous
transport fuel market through captive fleets, biomethane facilities can be
developed as required in a strategic manner as the NGV market share increases.
This ensures that biomethane production (and bio-CNG refuelling infrastructure)
can grow naturally in a manner that is prompted by a known demand as opposed
to EVs which require its refuelling infrastructure upfront to initiate the a private
passenger market;
-

A number of policy, regulatory and market barriers have been identified that
need to be rectified in order to develop an effective bio-CNG market in Ireland:
-

There is currently no regulatory mechanism to allow biomethane
producers to inject biomethane into the natural gas network. In the
absence of a connection policy mechanism, a biomethane natural gas
quality specification and bio-CNG supply licence arrangements, potential
developers cannot perceive any route to market for bio-CNG as a
transport fuel;

-

Furthermore, if biomethane is injected into the natural gas network,
there is currently no commercial mechanism to price the blended bioCNG or track the volumes of this transport fuel in the network virtually.
This chapter proposes an online biomethane certificate register where
the volumes and sales of bio-CNG are tracked by the ISO. This system
provides authentic certificates for each m3 of biomethane injected into
the network, ensures that NGV users are utilising a certain percentage of

6

Note: All fuel prices provided in this chapter are accurate at the time of writing and may be subject to
change.
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biomethane in their purchased bio-CNG blend and thus guaranteeing
that its contribution to the RES-T target can then be accounted for; and
-

Ireland’s renewable energy policy is currently significantly overlooking
biomethane injection for financial support or subsidy. Unlike, biogas to
CHP producers who received a REFIT for each unit of electrical energy
produced from biogas, there is no financial incentive for biomethane
injection producers. This significantly reduces the financial viability of
biomethane injection facilities as developers will choose a biogas
utilisation technology that is incentivised (i.e. biogas to CHP). The success
of the EU’s bio-CNG transport industries, in countries such as Germany,
Sweden and Holland was initially strongly empowered by financially
incentivised policy to allow the market (and biomethane injection
producers) to develop. A sound financial support mechanism should be
analysed and strongly considered by the Irish policy makers to assist
biomethane in contributing significantly to EU renewable energy targets
as illustrated in this research; and

-

The proposed bio-CNG roadmap could have delivered 10% of the RES-T target
(or 1% RES-T) by 2020 (if implemented at the time of writing) through 11
biomethane facilities which are capable of injecting biomethane into the natural
gas network; this bio-CNG (20% biomethane) will penetrate 11.2% of the LGV
sector, 50% of public bus fleets and 36% of the country’s taxi services (this
equates to over 14,000 public service and commercial vehicles). Such a roadmap
can still have a significant impact on even more challenging RES-T to 2030 and
beyond if the infrastructural and policy barriers highlighted in this chapter are
addressed.

6.5.3 Focus going forward
It is clearly illustrated in this chapter that the commercial “captive fleet” has the ability
to utilise bio-CNG as a transport fuel and significantly contribute to EU renewable energy
targets if the associated bio-CNG road transport market can be effectively developed. In
order to develop such a market, the author determines that CNG is best placed to initiate
a gaseous fuel commercial transport market as the fuel and infrastructure is already
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developed; biomethane must then be added to the network once AD injection facilities
come online to ensure the gaseous transport fuel has a renewable element. The volume
of biomethane sold at the pump can then be increased as more AD injection facilities
are developed. This chapter proposes a roadmap of 11 agricultural biomethane facilities
to provide Ireland with 1% RES-T if the identified policy, regulatory and market barriers
are overcome.

Thus far, the significant potential of biomethane as a transport fuel was determined in
Chapter 4, the technical requirements to inject biomethane was determined in Chapter
5 and now the utilisation pathway and market arrangements have been established in
Chapter 6. Moving forward, the author feels that the production segment of biomethane
has been fully addressed and it is now time to examine the supply segment of bio-CNG.
Therefore, Chapter 7 will investigate the supply infrastructure required to supply
biomethane to the NGV market in line with current EU policy. Following the
development of a bio-CNG infrastructure framework to supply bio-CNG, Chapter 8 will
complete the entire end to end, production to supply process by devised a regulatory
framework to facilitate the supply of bio-CNG effectively to the Irish transport market.
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7.0 Introducing gaseous transport fuel to Ireland: A strategic
infrastructure framework

Abstract
European Union (EU) legislation in the form of the Renewable Energy Directive
2009/28/EC and the Deployment of Alternative Fuels Infrastructure Directive
2014/94/EC have placed mandatory requirements on Member States to deliver
sustainable forms of alternative transport infrastructure in order to reduce greenhouse
gas emissions in the transport sector. However, there is currently little or no refuelling
infrastructure to support the development of an alternative transport fuel market for
compressed natural gas and its renewable form biomethane in a number of EU Member
States. Primarily focussing on a combination of biomethane and compressed natural gas
(bio-CNG), this paper analyses the key considerations to develop a strategic
infrastructure framework for bio-CNG and defines the criteria for the placement of
public access refuelling stations in order to satisfy legislative requirements, commercial
considerations, strategic placement and natural gas network infrastructure utilisation.
This paper devises a strategic infrastructure framework on which a national public
access refuelling network for bio-CNG could be provided for Ireland as a template and
for other Member States with similar infrastructure and renewable requirements to
follow. The framework includes the provision of 22 bio-CNG installations in strategic
locations across the country.

Publication details: Goulding D, Fitzpatrick D, O'Connor R, Browne JD, Power NM,
“Introducing gaseous transport fuel to Ireland: A strategic infrastructure framework”,
Renewable Energy, 136 (2019) 548-557. https://doi.org/10.1016/j.renene.2019.01.009
Article accepted for publication on 4 January 2019.
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7.1

Introduction

7.1.1 Natural gas vehicles
Natural gas vehicles (NGVs) operate on Compressed Natural Gas (CNG), its renewable
form biomethane and blended form (bio-CNG7). From a global perspective, Pakistan is a
country which has placed significant emphasis on introducing CNG into its transport
sector, experiencing the fastest growth in both NGV utilisation and CNG station
development from the year 2005 to 2014 (Khan and Yasmin, 2014). Khan and Yasmin
attributed the emergence of the CNG industry in Pakistan to friendly government
policies including; loans on soft terms to setup a CNG station, gas network connection
priority to CNG stations, liberal procedures for the granting of licenses to setup a CNG
stations and exemptions on import duty for CNG station equipment and vehicle
conversion equipment (Khan and Yasmin, 2014). The Government of China has also
introduced aggressive policies to develop a CNG industry with over 3M NGVs currently
in operation by providing supports such as subsidies for NGVs, investment grants for
CNG infrastructure and research and development funding for NGV technology
development (Li, 2015).

Scheitrum et al demonstrate how biomethane can be physically injected into natural gas
infrastructure, which reduces the carbon intensity of the natural gas network (Scheitrum
et al, 2017). Biomethane has a comparable calorific value and similar chemical
composition to natural gas (> 98% methane) and is produced in a process which converts
organic matter into biogas in an oxygen free environment known as anaerobic digestion
(AD). Raw biogas must be upgraded to biomethane (> 98% methane) by removing
carbon dioxide and other impurities in order to meet the minimum gross calorific value
required by the natural gas network operator for injection. Various market available
upgrading techniques such as pressure swing adsorption, water scrubbing, physical
absorption and chemical scrubbing can upgrade biogas to biomethane which has a
similar quality specification as natural gas (Patterson et al, 2011). Although injection of
biomethane into the natural gas network is common in many EU countries, there is a
relatively wide range in gas quality specification between network operators. Sweden is

7

Bio-CNG will be considered as the same term as CNG for the entirety of the paper.
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currently the only EU country with a national standard for biomethane as a transport
fuel (Svensson, 2014).

The ability of bio-CNG as a transport fuel is being overlooked by Ireland and other EU
countries as a renewable fuel that can help to achieve environmental targets for 2020
and beyond. Well to wheel analysis conducted by Bordelanne et al of biomethane
produced from organic waste (90%) and CNG (10%) as a blended transport fuel in a
passenger NGV generates greenhouse gas emissions that are twice as low as an
equivalent vehicle utilising gasoline over its operational life (Bordelanne et al, 2011). The
same analysis found that dedicated biomethane as a transport fuel from energy crops
reduces emissions by 76% while CNG on its own as a transport fuel reduces emissions
by 17% in comparison to gasoline (Bordelanne et al, 2011).

Another study from Shahraeeni et al found that a 34% reduction of greenhouse gas
emissions may be achieved by replacing a diesel light goods vehicle fleets with an NGV
equivalent fleet over its operational life, saving $30,000 per NGV in the process
(Shahraeeni et al, 2015). A comparative analysis of operational bus fleets in Dublin,
Ireland found that CO2 emissions were reduced by 7% for CNG and a further 63% for bioCNG in comparison to diesel (Ryan & Caulfield, 2010). Furthermore, a minimum
decrease of 70% in all air pollutants was observed (Ryan & Caulfield, 2010).

7.1.2 Current legislation
The EU Renewable Energy Directive 2009/28/EC (RED) has been the main policy
mechanism for MSs to develop renewable transport infrastructure to achieve the
binding 10% RES-T by 2020 (EC, 2009a). However, the RED did not instruct MSs on how
to achieve their RES-T target. Ireland has chosen to achieve the mandatory RED target
in the form of biofuels (blending with petrol and diesel) and electric vehicles (EVs), with
blended biofuels contributing to the vast entirety of the 10% (DTTS, 2017). Although bioCNG is not on the radar for some MSs as a transport fuel to satisfy the RED, another EU
Directive has been introduced that places emphasis on bio-CNG as a transport fuel of
the future in the EU. The EU Directive for the Deployment of Alternative Fuels
Infrastructure 2014/94/EC (AFID) sets out requirements on establishing National Policy
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Frameworks (NPFs) for the market and infrastructural development of alternative fuels
(including bio-CNG), including the implementation of common technical specifications
(EC, 2014a). (EC, 2014b). Each MS will need to provide adequate refuelling/recharging
points for alternative fuels such as CNG, LNG, hydrogen and electricity in order to allow
full circulation of alternative vehicles across the EU.

7.1.3 Progress versus targets
The progress of delivering a 10% renewable transport energy share in the EU has been
slower than anticipated to date. In a 2014 report from the EU assessing the MS current
RES-T progress and along the trajectory towards the 2020 target suggests that after a
solid initial start the ability to achieve the RES-T 2020 target will require the removal of
key regulatory barriers and additional efforts from the EU and MSs (EC, 2014c). In 2014,
the combined EU RES-T stood at 5.9% (EC, 2014c). Furthermore, only 6 of the 28 MSs
managed to achieve over 5.75%, while in 2012 Sweden was the only MS to pass the 2020
RES-T of 10% (EC, 2013; Eurostat, 2012).

In Ireland, the RES-T reached 3.3% in 2015 which is elevated to 5.7 % when weightings
are applied to biofuels from waste and second generation biofuels under the RED (SEAI,
2016). Biomethane did not account for any of Ireland’s RES-T share in 2015. In terms of
NGV utilisation, the EU had 1.316M NGVs in operation utilising 3,408 refuelling stations
in 2016 (NGVAE, 2017). However, 92% of these NGVs are operating in only four MSs;
Italy (76%), Germany (7%), Bulgaria (5%) and Sweden (4%) (NGVAE, 2017). It is evident
from Table 7.1, that a significant number of MSs have little or no bio-CNG supply
infrastructure in operation and require drastic action in order to achieve the AFID
mandate.
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Country
Austria
Belgium
Bulgaria
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland

NGV
Stations
172
78
125
2
143
15
6
29
60
885
10
10
1

NGV
Vehicles
7,084
5,365
69,820
318
15,500
327
1,504
2,375
14,548
93,964
2,210
6,314
8

Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden
United Kingdom

NGV
Stations
1,186
3
7
183
28
19
1
11
4
66
173
38

NGV
Vehicles
1,001,614
343
306
11,020
3,600
570
1,390
1,893
335
5,797
54,379
310

EU Total

3,255

1,300,894

Country

Table 7.1: EU NGV statistics for 2016 (NGVAE, 2017)

7.2

Material and methods

7.2.1 Focus of paper
This paper aims to determine the infrastructure requirements for the public supply of
gaseous transport fuel in Ireland. Previous work published by the authors (which
focussed on the potential penetration of bio-CNG as a gaseous transport fuel sector in
Ireland) proposed a bio-CNG production roadmap in which 11 AD facilities are
developed to inject biomethane into the natural gas network, thus meeting 1% of
Ireland’s renewables share in final transport energy demand (RES-T) target by fuelling
14,000 commercial (buses, light goods vehicles and taxies) gaseous vehicles (Goulding
et al, 2014). Other works by the authors derived a regulatory framework to introduce
the associated bio-CNG production roadmap into Ireland's transport sector (Goulding et
al, 2016).

However in Ireland, bio-CNG refuelling infrastructure is a key element of the industry
which is currently absent with no public bio-CNG refuelling stations in operation at
present. The establishment of bio-CNG refuelling infrastructure is an expensive
investment when demand is not yet strong enough (Kirk et al, 2014). This paper will
complement the author’s bio-CNG production roadmap and regulatory framework by
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focussing on the infrastructure requirements for the supply of bio-CNG to public
customers in Ireland and can act as a template for Member States (MS) with similar
infrastructure and bio-CNG requirements. Accordingly, the key objectives of this paper
are as follows:
-

Examine the key infrastructural requirements of European Union (EU) and
national legislation in order for a bio-CNG transport market to succeed;

-

Identify effective criteria for the placement of public access refuelling stations
through the review of successful bio-CNG transport industries in the EU while
also considering legislative requirements, commercial considerations, strategic
placement and natural gas network infrastructure utilisation; and

-

Present a strategic bio-CNG infrastructure framework for Ireland by identifying
suitable public access refuelling station locations as per the author’s defined
criteria.

7.3

Theory

7.3.1 Legislative requirements
The AFID mandates each MS to adopt a NPF for the development of the market for
alternative fuels in the transport sector and the deployment of the relevant
infrastructure (EC, 2014a). In terms of bio-CNG infrastructure, Article 6 of the AFID
places mandatory criteria on each MS:
-

The commissioning of an appropriate number of bio-CNG refuelling points
accessible to the public in order to ensure that NGVs can circulate in
urban/suburban agglomerations and other densely populated areas as
determined by the MS’s NPF. This must be completed by 31 December 2020;

-

The commissioning of an appropriate number of bio-CNG refuelling points
accessible to the public in order to ensure that NGVs can circulate at least along
the existing TEN-T Core Network, to ensure that NGVs can circulate throughout
the EU. This must be completed by 31 December 2025; and

-

The necessary average distance between refuelling points along the TEN-T Core
Network should be approximately 150 km. This must be completed by 31
December 2025.
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TEN-T Guidelines:
The EU Transport Policy Regulation (EU) No 1315/2013 aims to develop the Core
Network Corridors of the TEN-T and was adopted by the EU in 2013 (EC, 2014b). The
TEN-T Guidelines define a dual layer approach to how each MS is to implement the Core
Network Corridors by the end of 2030. The basic layer, known as the ‘Comprehensive
Network’, should ensure accessibility of all regions of the EU while the second layer,
known as the ‘Core Network’, should efficiently facilitate trans-national traffic and longdistance flows for both freight and passengers (EC, 2013). In Ireland, the TEN-T Core
Network currently consists of the route from Northern Ireland via Dublin and connects
all the core sea ports from Dublin Port (east) to Cork/Ringaskiddy (south) and
Limerick/Foynes (west) (NRA, 2014).

National Service Area Policy:
The Transport Infrastructure Ireland (TII) is the statutory body charged with providing a
safe and efficient network of national roads in Ireland under the current TEN-T policy. In
August 2014, the TII introduced their Service Area Policy which sets out the policy basis
on which transport service areas will be provided to meet the requirements of road
users on the national road network in Ireland (NRA, 2014). In terms of service areas on
all motorways of the Irish Core Network, the TII outlined the need for Type 1 Service
Stations that are designed under the following criteria:
-

A Type 1 Service Area (full service area) will be a large scale service area providing
an amenity building (including a convenience shop, restaurant, washrooms and
tourist information), fuel facilities, parking and picnic area; and

-

Type 1 Service Areas are to be provided approximately every 100 km.

7.3.1.1 NPF of Ireland

In May 2017, the Irish Government issued its NPF as its strategy in order to satisfy the
mandate of the AFID. Bio-CNG is addressed in the NPF by proposing the development of
13 Core and 10 Comprehensive CNG refuelling stations by 2025, rising to 24 Core and 18
Comprehensive by 2030 (DTTS, 2017). Such an ambitious strategy is welcoming,
however, the NPF does not go far enough as to explain how this strategy will be
achieved, what are the criteria for determining bio-CNG refuelling station locations and
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how the production of biomethane will be aligned with this infrastructural framework.
Therefore, the criteria proposed by the authors in this paper will assist in enhancing the
requirements of the AFID and the strategy of Ireland’s NPF to develop a strategic
infrastructure framework for bio-CNG deployment in Ireland.

7.3.1.2 The Core Network

The AFID requires that bio-CNG fuelling facilities be made available every 150km along
the TEN-T Core Networks. However, from an Irish perspective, Type 1 service stations
are required every 100km along the Core Network.

Criteria 1: In order to avail of existing refuelling infrastructure for traditional transport
fossil fuels, this paper recommends that bio-CNG refuelling installations be
commissioned in the existing and proposed Type 1 stations (as identified by the TII) to
be located every 100km along the Core Network where possible.

This will allow bio-CNG technology to leverage off current multi-fuel service station
facilities and therefore will not be required to develop standalone bio-CNG service
stations. Co-locating bio-CNG installations with multi-fuel Type 1 service stations every
100km allows; further flexibility for customers, avoids duplication of service stations for
different fuel types and ensures compliance with the AFID. Furthermore, it resolves the
Peters von Rosenstiel et al determination that one of the key barriers to bio-CNG
penetration (in Germany) is the lack of bio-CNG refuelling installations on motorways
which reduces the NGV flows from city to city, increases convenience costs and makes
NGVs less attractive to utilise, especially for commercial fleet operators with high annual
mileage (Peters von Rosenstiel et al, 2015).

The proximity of the Type 1 service stations to the natural gas network is also a key
consideration for the location of bio-CNG installations and is dependent on a number of
factors. Firstly, the closer a Type 1 service station is to the natural gas grid, then the less
capital investment is required to connect to the network. The cost per kilometre of
constructing gas pipelines is significant. Furthermore, there are significant differences in
the costs of connecting to the transmission network and connecting to the distribution

174

Policies required to encourage biomethane as a transport fuel

network for a bio-CNG installation as highlighted as follows (Browne et al, 2011; Urban,
2013; GNI, 2017):
-

Cost of connection to the natural gas network (excluding biomethane upgrading
and injection):

-

-

Transmission connection: €300,000

-

Distribution connection: €150,000

Cost of pipeline to facilitate the connection to the natural gas network:
-

Transmission pipeline: €1,000,000/km

-

Distribution pipeline: €100,000/km

It should be noted that natural gas proximity and system pressure may not be
considered as limiting factors if the bio-CNG developers determine that the service
station location is of enough strategic importance and once the additional costs do not
jeopardise the bio-CNG installation’s business case. Each bio-CNG installation project
will have particular constraints and costs will vary depending on the developer
requirements and location characteristics.

7.3.1.3 The Comprehensive Network

The locations of bio-CNG service stations should be identified in areas where population
density is high and the opportunity to attract demand is greater. The AFID mandates the
commissioning of an appropriate number of bio-CNG refuelling points accessible to the
public in order to ensure that NGVs can circulate in urban/suburban agglomerations and
other densely populated areas as determined by the MS’s NPF. However, the terms
‘urban’, ‘suburban’ and ‘densely populated areas’ are not defined in the AFID. Ireland’s
NFP only lists the main cities where bio-CNG refuelling stations should be located;
namely, Dublin, Cork, Limerick, Galway and Waterford (DTTS, 2017). It does not consider
suburban areas in its strategy document.

Therefore, this paper produces a matrix comparing a number of MSs in Table 7.2 which
defines densely populated areas into urban and suburban categories based on the
population density of the MS (EC, 2014a). For example, Ireland has a population density
of 67 persons/km2 and lies in the 0-75 persons/km2 range. From population analysis of
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the cities and towns in Ireland, the authors propose that urban areas be defined as areas
with populations greater than 50,000 persons (Galway, Limerick, etc.). Furthermore any
urban area of greater than 100,000 persons (Cork, Dublin) should be considered for
significant bio-CNG development utilising multiple locations if the other criteria
highlighted in this paper is satisfied. Smaller suburban areas such as large towns with a
population of greater than 20,000 persons should be considered for pilot bio-CNG
utilising one location as a starting point for further development.

Population
density
(persons/km2)

Country

Population
density
(persons/km2)

Population

No. of
Vehicles

Vehicles
per
1000PE

Area to
be
defined

Defined
Urban
Area
(persons)

0 –75

Ireland

67

4,605,501

2,208,056

479

Urban

>50,000

Suburban

>20,000

Urban

>200,000

Suburban

>40,000

Urban

>400,000

Suburban

>60,000

75 – 150
>150

Portugal
United
Kingdom

103
263

10,427,301
64,308,261

5,757,400
34,457,011

552
536

Table 7.2: Population matrix for determining bio-CNG station locations (as derived by
the authors)

The United Kingdom lies in the greater than 150 persons/km2 range and as a starting
point should focus on multi-location development in urban areas of greater than
400,000 persons (London, Manchester, etc.) and one-off pilot locations in suburban
areas of greater than 60,000 persons (Cambridge, Wigan, etc.) once the other criteria
highlighted in this paper is satisfied. Once a MS has developed the urban and suburban
areas in its population density range it can then focus on the next lower range to develop
bio-CNG in smaller areas relative to the degree of success achieved from its initial
development.
Criteria 2: In relation to the Comprehensive Network, the placement of multiple bioCNG service stations should occur in urban areas, while pilot projects should be located
in suburban areas with 1 station required per 20,000 PE (population equivalent).
Criteria 3: In order to allow full circulation of NGVs, bio-CNG stations should also be
located within 150km along the Comprehensive Network.
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Although it is not a requirement of the AFID, placement of stations at 150km along the
Comprehensive network ensures that urban/suburban bio-CNG stations do not become
isolated and restrict NGVs from undertaking long transit journeys.

7.3.2 Natural gas infrastructure requirements
In Europe, the European Network of Transmission System Operators for Gas (ENTSOG)
is mandated by European Gas Regulation (EC 715/2009) to ensure the efficient
management, development and coordinated operation of the European gas network
(EC, 2009b). The role of ENTSOG is to facilitate and enhance cooperation between 44
national gas transmission system operators (TSOs) across Europe to ensure the
development of a pan-European transmission system in line with EU energy goals
(ENTSOG, 2015). ENTSOG’s work is monitored by the Agency for the Cooperation of
Energy Regulators (ACER) whose mission is to complement and coordinate the work of
national energy regulators at EU level and work towards the completion of the single EU
energy market for electricity and natural gas (ACER, 2015a).

In January 2015, ACER published its updated Gas Target Model, presenting its vision for
a competitive and secure European gas market that benefits all consumers (ACER,
2015b). There are two distinct options available in terms of harnessing natural gas
infrastructure to introduce bio-CNG into each MS. The first option is the use of the
existing natural gas network as a palpable solution in which a bio-CNG refuelling
installation connects to the network to offtake bio-CNG for supply. The second option is
the utilisation of virtual pipeline in which bio-CNG is delivered via a supply chain to final
consumers using road or sea transportation (ACER, 2015b). In the absence of a natural
gas network, virtual pipelines can be utilised as an intermediate step for the supply of
regions prior to the development of a gas network or in cases where the construction of
pipeline infrastructure is not cost effective or technically not possible. However, such a
solution is considerably more expensive than the utilisation of existing gas networks and
is dependent on customer demand, location, distance from the loading terminal and
availability of road network (ACER, 2015b).
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Criteria 4: Ireland (and similar MSs) should focus on the utilisation of the existing
natural gas network as the primary tool for introducing bio-CNG. In the absence of
adequate natural gas infrastructure, MSs should explore the option of virtual pipeline
solutions in order to allow full bio-CNG utilisation to be achieved throughout the
regions and to facilitate full competition if demanded by the market.

Gas Networks Ireland (GNI) is the owner and operator of the natural gas network in
Ireland which is targeted for bio-CNG utilisation (GNI, 2013). GNI develops, operates and
maintains the gas infrastructure in Ireland consisting of over 13,000km of gas pipelines
which is regulated by the Commission for the Regulation of Utilities (CER). The Irish gas
network serves over 160 population centres, providing significant coverage across the
majority of urban and suburban areas in Ireland.

7.3.3 CNG installation requirements
Equipment:
In 2016, the International Standards Organisation released the standard for natural gas
fuelling stations – bio-CNG stations (ISO 16923:2016) which “covers the design,
construction, operation, inspection and maintenance of stations for fuelling bio-CNG to
vehicles, including equipment, safety and control devices” (ISO, 2016). The key
equipment required for a bio-CNG refuelling installation includes a compressor (which
increases the pressure from 1 bar to 250 bar), high pressure multistage storage (where
the bio-CNG that has been compressed is stored), inter facility piping (that connect the
compressor and storage to the dispenser) and the dispensers (where the customer or
end user dispenses gas to the NGV). A cash point system is also required to record the
volume of bio-CNG purchased while refuelling.

Equipment sizing and costs:
As this paper is proposing criteria for locating public service stations for all vehicle
markets, ranging from the heavy goods commercial market to the private car market,
the size of the bio-CNG refuelling installation should be equipped to meet the needs of
all customers. The cost of the bio-CNG refuelling installation is dependent on a number
of factors: the number of NGVs to refuel, the quantity of bio-CNG the NGVs use, the
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speed at which the NGV is filled and the NGVs refuelling patterns (EERE, 2014). For
example, a public bio-CNG refuelling installation (as proposed in this roadmap) is
assumed to serve large numbers of NGVs with short refuelling windows and
unpredictable refuelling patterns and thus may require large compressors, larger
storage capacity, and/or a large number of dispensers (EERE, 2014).

y = 273,648ln(x) + 491,859

(Eqn 7.1)

Where y = cost of the bio-CNG refuelling installation.
x = the quantity of trucks to be fuelled in a day.

1,800,000
1,600,000

Cost of installation (€)

1,400,000
1,200,000
y = 273648ln(x) + 491859

1,000,000
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No. of trucks per day
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Figure 7.1: Capital costs of bio-CNG installations (GNI, 2017)

Through the utilisation of Equation 7.1, the full capital cost of installing a bio-CNG
refuelling installation into an existing service station can be determined based on NGV
consumption; as developed in Figure 7.1 through a review of the industry focussing on
public bio-CNG refuelling installations (GNI, 2017). For example, a public bio-CNG
refuelling stations which forecasts the filling capacity of 40 trucks a day will cost
approximately €1.5m to develop.
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7.3.4 NGV requirements
Vehicle ranges:
NGV typically have a lower range in terms of distance travelled per fuel tank in
comparison to traditional fossil fuel vehicles (Engerer & Horn, 2010). To combat the
lower distance range that dedicated NGVs can travel, manufacturers reacted by
developing bi-fuel and dual-fuel vehicles which run on a mixture of bio-CNG and diesel
or petrol, thus increasing the potential distance travelled significantly and also providing
the ability to refuel in traditional fossil fuel service stations when required. Bi-fuel NGVs
have two separate fuelling systems which allow them to operate on either bio-CNG or
petrol while dual-fuel NGVs have fuel systems which operates on a mixture of natural
gas and diesel fuel, usually starting on diesel and then switching to a quantified mixture
of bio-CNG and diesel (PSE, 2015). The typical fuel ranges of industry available NGVs
while operating on bio-CNG is 200 – 400km for HGVs while smaller LGVs have a range of
up to 600kms on natural gas alone (NGVAE, 2015; Cenex, 2012). When considering the
locations of facilities not on the Core or Compressive TEN-T Networks in a MS, the
placement of bio-CNG installations should not be greater distance than the lower range
of industry available NGVs.

7.3.5 Biomethane requirements
AD infrastructure:
In Ireland, as is the case with many MSs, there is currently no AD facilities injecting
biomethane into their respective natural gas networks. However, countries such as the
United Kingdom, Germany and Sweden have an array of AD facilities injecting
biomethane into their networks. Goulding & Power found that Ireland has the potential
to develop 29 AD facilities, fuelling over 43,000 NGVs, when utilising 1% of the grassland
area in Ireland and animal slurry as feedstock (Goulding & Power, 2013). Figure 7.2
highlights the potential for each county in Ireland to develop AD facilities from 5%
grasslands and animal slurries.
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Figure 7.2: Suitable locations for AD from grass and slurry in Ireland based on 5% land
area under grassland (Goulding & Power, 2013)

Injection to the network:
In Ireland, all natural gas currently entering the network must adhere to the relevant gas
quality specifications laid down in Part G of the Transporter’s Code of Operations (GNI,
2013). Currently in Ireland, for the connection of a natural gas undertaking who wishes
to provide natural gas for the network; the GNI Code of Operations requires that any
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Entry Point must hold a Connected System Agreement (CSA) to govern how the delivery
of natural gas is effectively achieved (GNI, 2013). The function of a CSA is to ensure that
the Entry Point is technically and operationally compatible at the point of connection
such that the natural gas network and associated natural gas production facility may
safely be connected to deliver natural gas to the network. At present, the GNI Code of
Operations does not consider the injection of an unconventional form of natural gas
production such as biomethane from AD.

Criteria 5: The criteria for biomethane injection should be managed through a specific
CSA which is individual for each biomethane injection facility.

In order to deliver efficiencies and to avail of an already successfully developed natural
gas specification, a CSA for biomethane should utilise the same technical specifications
for natural gas in line with the Part G of the current GNI Code of Operations. The key
elements of the biomethane injection technical criteria are as follows (Goulding, 2011;
GNI, 2013):
-

Biomethane injection requires a compressor unit to compress the natural gas to
the operating pressure of the network at the point of entry. Specific technical
requirements should be mandated through the CSA, in the following ranges:

-

-

Distribution pressure: 25 mbarg - 4 barg

-

Transmission pressure: 9 barg - 85 barg;

As per the GNI Code of Operations, biomethane injection is required to meet
natural gas quality specification of the network to ensure it is of the same quality
as the natural gas in the network. This may be dependent on the specification
defined by network TSOs in each individual MS; and

-

There is no smell from natural gas, therefore under the GNI Code of Operations,
odourisation of biomethane is mandated before injection to ensure that the
biomethane can be identified by humans if a leak were to occur. This is
dependent on the specification defined by network TSOs in individual MS as
some networks do not transport odourised gas.
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Proximity of network:
As is the case with determining bio-CNG installation locations, the proximity of the AD
facility to the natural gas network and the type of network to connect to (transmission
or distribution) are key considerations in terms of additional capital costs to the
development as highlighted in Section 2.1.2. These costs do not include the cleaning and
injection equipment. Again, it should be noted that all such connections for biomethane
injection have specific costs depending on the characteristics of the individual
biomethane injection facility to be connected. However, it is clear that the closer the
location of the AD facility to the network the less expensive the pipeline will cost to
connect to the network.

Criteria 6: Biomethane injection facilities should be located preferably near the
distribution network to ensure that connection costs are economically viable.

Connecting to the distribution network will result in lower operational costs as the
biomethane will not need to be compressed as much as if it was being injected in the
transmission network at a significantly higher pressure. However, when injecting into
the distribution network, sufficient network capacity must be available. Preferably, a
biomethane facility should be located near a point on the distribution network where a
significant consistent demand is required even through low demand seasons (Goulding,
2011). If injection into a distribution network is not viable, then a connection to the
transmission network may be utilised, albeit at significantly higher cost.

7.4

Results

7.4.1 A strategic infrastructure framework
The criteria determined in this paper to develop a strategic infrastructure framework for
EU MSs has been applied to Ireland in which the following proposals are suggested for
implementation:
-

The construction of 22 bio-CNG refuelling stations in existing Type 1 Service
stations as illustrated in Figure 7.3;

-

11 of the 22 bio-CNG refuelling stations should be located on the Core Network
within 100km of each other and fully service the Irish TEN-T Core Network from
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Northern Ireland via Dublin to both major sea ports in Cork/Ringaskiddy and
Limerick/Foynes;
-

The Comprehensive Network is serviced by strategically placing the other 11 bioCNG service stations in urban/suburban cities and towns located on the
Comprehensive Network based on their population profile as determined in
Section 2.1.3;

-

In terms of the natural gas infrastructure, 18 of the 22 bio-CNG stations are
located in areas where the natural gas network is present. One further bio-CNG
station is proposed for Wexford Town where the natural gas network is currently
being extended to;

-

Three virtual pipeline bio-CNG stations are included in order to service areas of
the country where there is no natural gas network available but are of strategic
importance. These three stations will allow counties in the south-west as far as
Kerry and counties in the north-west such as Sligo and Donegal to utilise bio-CNG
and travel in NGVs from one end of Ireland to the other; and

-

When applying Equation 7.1 to the proposed bio-CNG infrastructure framework,
the capital investment required to develop the associated bio-CNG services
stations is in the region of €33m.

The bio-CNG refuelling stations locations meet all the criteria determined in this paper
as highlighted in Table 7.3. The locations of the Core and Comprehensive bio-CNG
refuelling stations in Ireland allows NGV customers to travel along the Ten-T network of
the entire State on bio-CNG with no station greater than 150km from the next bio-CNG
station.
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Figure 7.3: A bio-CNG public access refuelling network for Ireland
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Station Location

County

Core Network
Linkage
(Criteria 1)
Cork/Dublin

Distance to Nearest
Station (km)
(Criteria 1, 3)
45km to Fermoy

Population

Cork

TEN-T Network
Type
(Criteria 1)
Core

2
3
4

Cork Harbour Ringaskiddy
Fermoy
Cashel
Portlaoise

Cork
Tipperary
Laois

Core
Core
Core

56km to Cashel
75km to Portlaoise
56km to Naas

Naas

Kildare

Core

6

Ballymun

Dublin

Core

7

Dublin Port

Dublin

Core

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Nenagh
Foynes Port
Dundalk
Lusk
Cork City
Waterford City
Wexford Town
Limerick City
Galway City
Athlone
Mullingar
Tallaght
Tralee
Sligo Town
Letterkenny

Tipperary
Limerick
Louth
Dublin
Cork
Waterford
Wexford
Limerick
Galway
Westmeath
Westmeath
Dublin
Kerry
Sligo
Donegal

Core
Core
Core
Core
Comprehensive
Comprehensive
Comprehensive
Comprehensive
Comprehensive
Comprehensive
Comprehensive
Comprehensive
Comprehensive
Comprehensive
Comprehensive

Cork/Dublin
Cork/Dublin
Cork/Dublin
Limerick/Dublin
Dublin/Dundalk
Cork/Dublin
Limerick/Dublin
Cork/Dublin
Limerick/Dublin
Cork/Dublin
Limerick/Dublin
Limerick/Dublin
Limerick/Dublin
Dublin/Dundalk
Dublin/Dundalk

5

1

Gas Network
Available
(Criteria 4)
Yes

Biomethane
Injection Potential
(Criteria 5, 6)
Very-High

6,489
4,051
20,713

Yes
Yes
Yes

Very-High
Very-High
Medium

40km to Ballymun

20,145

Yes

Low

25km to Lusk

22,109

Yes

Low

Yes

Low

Yes
Yes
Yes
Yes
Yes
Yes
Planned
Yes
Yes
Yes
Yes
Yes
Virtual pipeline
Virtual pipeline
Virtual pipeline

Very High
High
Low
Low
Very High
Medium
Medium
High
High
Medium
Medium
Low
High
Medium
Medium

(Criteria 2)

10km to Ballymun
72km to Portlaoise
78km to Nenagh
73km to Lusk
30km to Dublin Port
40km to Fermoy
120km to Cork City
60km to Waterford City
40km to Nenagh
85km to Athlone
125km to Ballymun
82km to Ballymun
20km to Ballymun
75km to Limerick City
130km to Mullingar
112km to Sligo Town

8,439
37,816
7,022
198,582
51,519
20,072
91,454
76,778
20,153
20,103
71,504
23,693
19,452
19,588

Table 7.3: A Bio-CNG public access refuelling network for Ireland using the criteria developed in this chapter
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7.5

Discussion

7.5.1 Definitive Criteria
This paper proposes a number of criteria that will assist countries such as Ireland to
develop bio-CNG supply infrastructure, and comply with the requirements of the AFID.
However in a number of instances, this paper highlights that the AFID and NPF of Ireland
does not go far enough and thus recommends strengthening in a number of areas
including:
-

A requirement that bio-CNG fuelling facilities be made available every 100km
along the TEN-T Core Networks, instead of the current 150km, this would align
EU policy to Irish National Policy and best practice for the provision of service
stations. This will reduce the need to develop standalone bio-CNG service
stations and will avoid the duplication of service stations for various fuel types;

-

A definition to adequately define the terms ‘urban’ and ‘sub-urban’ is required.
This paper proposes a definition of urban and sub-urban areas based on the
population density of a country. Using Ireland as a test case; an urban area is
defined as >50,000PE and a sub-urban area is >20,000PE; and

-

The installation of bio-CNG refuelling stations every 150km along the
Comprehensive Network in existing or proposed service stations. This would
ensure that NGVs travelling throughout Europe could avail of bio-CNG
throughout the Comprehensive Network and are not confined to the just the
Core network.

In order to compliment the enhancements to current EU infrastructure policy conceived
by the authors in this paper and to fully realise the potential for bio-CNG deployment,
additional technical infrastructural requirements must also be taken into consideration
including:
-

The utilisation of the existing natural gas network as the primary tool for bioCNG deployment, as this is more cost effective than using a virtual pipeline. This
will help to ensure that bio-CNG is economically competitive;

-

To ensure that biomethane injection into the natural gas network complies with
the technical specification of the associated network in each MS; and
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-

Development of biomethane injection facilities into the distribution network
preferably to ensure connection and operational costs are economically
competitive. The injection facilities should be located in counties with high
agricultural AD potential as determined by the authors.

7.6

Conclusions

Using Ireland as a test case, if the proposed criteria was implemented then Ireland could
deploy 22 bio-CNG service stations to initiate an alternative bio-CNG transport fuel
market as mandated by the AFID; 19 of which are located on the existing (and proposed)
natural gas network with a further three virtual pipeline stations. 9 of these stations
could be located in areas where there is a high or very-high biomethane potential. This
infrastructural framework would enable Ireland to comply with the AFID, enhance and
provide a more defined bio-CNG strategy for Ireland’s NPF, and will also help Ireland to
achieve its RES-T by 2020 and beyond. Furthermore and more importantly, the proposed
service stations are located close to large population centres in Ireland and on high
usage motorways thus further strengthening the potential for bio-CNG as a sustainable
transport fuel into the future.

This paper proposes six criteria to abide by in order to develop a successful
infrastructure framework for bio-CNG deployment in Ireland. The criteria range from
strengthening current EU policy and the NPF of Ireland, to essential technical
infrastructural requirements to be taken into consideration. Furthermore, the proposed
criteria can be utilised as a template to follow for other MSs with similar infrastructure
and bio-CNG requirements.

7.7

Chapter reflection

7.7.1 Motivation
Ireland has first class performing natural gas network which services over 160 urban and
suburban areas and therefore has significant potential to provide CNG and biomethane
as a transport fuel if appropriately utilised. The need to exploit this potential has been
reinforced by the legislative mandate of the AFID to provide public CNG refuelling
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stations across Ireland by 2025. To achieve the AFIDs mandate, the Irish Government’s
NPF proposing the development of 13 Core and 10 Comprehensive CNG refuelling
stations by 2025, rising to 24 Core and 18 Comprehensive by 2030 (DTTS, 2017).
However the author strongly believes that the NPF of Ireland stops significantly short of
developing a coherent strategy and policy framework to deliver these ambitious targets.
For example, specific strategic locations of bio-CNG refuelling infrastructure are not
identified (other than by city) which the author believes is a fundamental requirement
of an effective NPF; as there is no direct correlation or alignment between each bio-CNG
refuelling station proposed. More alarming is the fact that Ireland’s first public CNG
refuelling station is only due to come online in 2018 and there are currently no other
public stations in construction.

Therefore, the author is motivated to investigate the supply infrastructure required to
supply bio-CNG to the public NGV market in line with current EU policy requirements.
Through analysis of the current EU and Irish legislation, Chapter 7 derives six criteria to
determine the optimum locations of bio-CNG refuelling infrastructure across Ireland
along the Core network and in urban and suburban areas along the Comprehensive
network. The criteria proposed is then utilised by the author to derive a bio-CNG
refuelling infrastructure framework that will provide sufficient coverage in order to
meet the requirements of the AFID while also enhancing the mechanics of Ireland’s NPF
strategy to develop a strategic infrastructure framework for bio-CNG deployment in
Ireland.

In terms of this comparative research into the development of the proposed criteria to
effectively locate and develop bio-CNG refuelling infrastructure in Ireland, in order to
effectively introduce an alternative gaseous transport fuel to the Irish transport
industry, the parameters investigated by the author and the associated reasoning are as
follows:
-

In line with the AFID, the bio-CNG infrastructure framework proposed for Ireland
in Chapter 7 is solely focussing on public access refuelling station locations in
order to stimulate the effective supply of bio-CNG to the public NGV market.
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Private refuelling stations do not form part of this framework (or the AFIDs
mandate);
-

The AFID requires adequate coverage of CNG refuelling infrastructure in order to
allow NGVs to circulate in urban/suburban agglomerations and other densely
populated areas. However, as the terms ‘urban’, ‘suburban’ and ‘densely
populated areas’ are not defined in the AFID, Chapter 7 develops a matrix based
on the population density of EU countries. Using Ireland as a test case; this matrix
has determined that an ‘urban’ area is defined as >50,000PE and a ‘sub-urban’
area is >20,000PE; and

-

The six criteria derived in Chapter 7 are compliant with the relevant EU and Irish
legislation and have been adapted by the author in order to maximise the
utilisation of the road network, natural gas network, urban/suburban areas and
high biomethane potential areas in Ireland.

7.7.2 Important learnings
This chapter has examined the key infrastructural requirements of EU and national
legislation in order to identify the criteria for the strategic placement of public bio-CNG
refuelling stations. Subsequently, by applying these criteria to Ireland as a test case, a
strategic bio-CNG infrastructure framework has been devised in which the key findings
are as follows:
-

Sufficient bio-CNG refuelling infrastructure coverage to meet the requirements
of the AFID can be achieved by developing a bio-CNG infrastructure framework
consisting of 22 bio-CNG service stations which are strategically located across
Ireland while satisfying the associated criteria;

-

11 of the 22 bio-CNG refuelling stations are located on the Core Network from
Northern Ireland (Belfast) via Dublin to both major sea ports in Cork/Ringaskiddy
and Limerick/Foynes. Such coverage ensures that commercial ‘captive fleet’
NGVs are sufficiently enabled to travel along the main commercial routes and
major ports in Ireland without returning to its own depot to refuel. Such an
ability is paramount for the success of bio-CNG as the preferred alternative fuel
of the ‘captive fleet’;
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-

The supply of bio-CNG is not constrained by the location of a bio-CNG refuelling
station with the respect to the natural gas network. A virtual or off-grid bio-CNG
refuelling station can supply bio-CNG through a virtual pipeline in which bio-CNG
is delivered to the station via a supply chain from the natural gas network,
typically using road transportation i.e. trucks transporting bio-CNG in tankers to
bio-CNG refuelling stations which are not connected to the network. The concept
of transporting biomethane via truck will be further discussed in Chapter 9; and

-

The injection of biomethane into the distribution natural gas network is
significantly cheaper than injection into the transmission network in terms of the
capital costs associated with new connections and pipeline as well as lower
operational costs for compression. However, when injecting into the distribution
network, sufficient network capacity must be available. Bio-CNG refuelling
stations should also be connected to the distribution network where possible.

7.7.3 Focus going forward
It is clearly evident from the research presented in this chapter that there is a significant
lack of coherent policy and regulatory mechanisms in place to inject biomethane into
the natural gas network of Ireland and to supply bio-CNG as a transport fuel; even
though there is a world class natural gas network present for potential utilisation. In
Chapter 7, the author proposes effective criteria to develop a bio-CNG supply industry
from an infrastructural refuelling perspective to strengthen the NPF of Ireland in order
to achieve the mandates of the AFID. However, the author is also fully aware that the
development of a bio-CNG transport market is heavily dependent on effective, coherent
and enduring market conditions based on strong regulatory, policy and safety principles
which are currently in their developmental infancy in Ireland.

Therefore, based on the bio-CNG infrastructure framework proposed in this chapter, in
Chapter 8 the author will develop a complimentary regulatory framework in order to
initiate a safe, efficient and simplistic transport market for the supply of bio-CNG in
Ireland that is attractive for all potential market participants. In Chapter 8, the key
market stakeholders will be identified as well as their key roles, responsibilities and
proposed regulatory instruments associated with devising an effective bio-CNG
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regulatory framework. Finally, Chapter 8 will conduct a cost benefit analysis to quantify
the financial burden and opportunity for respective stakeholders whose full buy-in is
critical in order to develop, operate and participate in an effective bio-CNG transport
market in Ireland.
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8.0 Supplying bio-compressed natural gas to the transport
industry in Ireland: is the current regulatory framework
facilitating or hindering development?

Abstract
Compressed Natural Gas (CNG) and biomethane when blended as a transport fuel (bioCNG) have significant potential in Europe. However, this alternative fuel has not been
developed in several European countries. One of the barriers to market penetration is
the absence of a coherent regulatory framework to eliminate the disparity between
European and national legislation. Using Ireland as a test case, this paper examines how
conflicting policies can be aligned to ensure effective bio-CNG market development. A
key barrier is the regulatory ambiguity placed on transport fuel suppliers and investors
who wish to connect to the network to supply bio-CNG. For example, the Irish 2002 Gas
(Interim) (Regulation) Act states that all entities supplying natural gas from the network
(including bio-CNG) must hold a supplier licence and are bound by the network code of
operations. The obligations of the code act as a potential deterrent to bio-CNG suppliers
due to the licencing complexity and associated costs. This paper critiques the current
regulatory framework in Ireland, highlights areas of ambiguity and puts forward an
aligned solution to allow bio-CNG market participants to utilise the network safely, in a
regulatory sound and cost-effective manner.

Publication details: Goulding D, Fitzpatrick D, O'Connor R, Browne JD, Power NM,
“Supplying bio-compressed natural gas to the transport industry in Ireland: Is the current
regulatory framework facilitating or hindering development?”, Energy, Volume 136, 1
October 2017, Pages 80-89. http://dx.doi.org/10.1016/j.energy.2016.08.037
This publication currently has 2 citations.
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8.1

Introduction

8.1.1 Utilisation of gaseous transport fuel
In an age where the burning of fossil fuels has led to a significant increase in the
production of harmful greenhouse gas emissions, the necessity for sustainable energy
and environmental protection has led to investment and development in alternative
cleaner forms of energy across the globe (Naylor, 2015). The utilisation of Compressed
Natural Gas (CNG), and its renewable form biomethane, as a transport fuel is steadily
becoming a viable alternative to traditional gasoline and diesel. CNG has a number of
benefits over other fossil fuels including lower fuel costs, reduced greenhouse gas, tailpipe and particulate emissions and lower noise levels (CER, 2015a). Furthermore, biogas
is typically produced sustainably through the anaerobic digestion process and can
significantly reduce greenhouse gas emissions, contributing to European Union (EU)
renewable energy targets (BGÉ, 2010). Biomethane (upgraded biogas) is typically
injected into the natural gas network where it can be used as a substitute for natural gas
in any blend proportion to form bio-CNG (EBA, 2013). Goulding and Power found that
the potential development of biomethane as a transport fuel is economically viable in
Ireland and is a preferable option in comparison to biogas to combine heat and power
(Goulding & Power, 2012). Similarly, Börjesson & Ahlgren have determined that
biomethane as a transport fuel is bettered utilised in a Swedish regional energy system
with 31 biogas plants compared to biogas as a heat source from a techno-economic
perspective (Börjesson & Aghlgren, 2012).

Technically, bio-CNG technology as a transport fuel is fully developed; the bio-CNG is
compressed to 200-300 bar and transferred to the Natural Gas Vehicle (NGV) by a
dispenser in a similar manner to gasoline or diesel. In terms of infrastructure, a CNG and
bio-CNG dispenser are considered the same, and thus these terms are interchangeable.
There are currently over 17.7 million NGVs in operation worldwide with countries such
as Brazil, Iran, India and China having the greatest market share (NGVAE, 2013). The EU
is currently at the middle echelon of bio-CNG global utilisation with 1.1 million NGVs in
circulation which are operating on CNG or biomethane across its 28 Member States
(NGVAE, 2014a). In contrast, the United States had 112,000 NGVs on the road in 2015,
with approximately 574 public CNG filling stations (Curran et al, 2014).
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8.1.2 EU mandatory targets
There has been a strong commitment from the EU to increase its renewable transport
energy share through the Renewable Energy Directive 2009/28/EC and the Fuel Quality
Directive 2009/30/EC and to diversify fuel type utilisation through the Alternative Fuels
Infrastructure Directive 2014/94/EC. The Renewable Energy Directive 2009/28/EC
mandates each Member State to achieve 10% renewable energy share in final transport
energy demand by 2020 (EU, 2009a). The Fuel Quality Directive 2009/30/EC requires a
reduction of the greenhouse gas intensity of the fuels used in vehicles by 6% by 2020
(EU, 2009b). The Alternative Fuels Infrastructure Directive 2014/94/EC mandates each
Member State to guarantee a sufficient number of publicly accessible CNG/bio-CNG
refuelling points in urban/suburban areas and every 150 km along the Core network to
allow the circulation of NGVs throughout the Member State by 2020 and 2025,
respectively (EU, 20014).

The latest EU Update Report on its renewables targets states that production of
renewable transport energy has been slower than expected, projecting a 5.7%
renewable transport share by 2014 and citing lack of policy clarity around 2nd generation
biofuels and indirect land use as a major contributor to the slow progress (EC, 2015a).
In 2014, 1st generation biofuels such as biodiesel and bioethanol produced 14.2 Mtoe
of alternative fuel in the EU, while 2nd generation biofuels such as biomethane only
produced 2.0 Mtoe (EC, 2015a). The EU have since amended the Renewable Energy
Directive 2009/28/EC and Fuel Quality Directive 2009/30/EC in order to create certainty
for the deployment of 2nd generation biofuels such as biomethane (EU, 2012). Therefore,
the pathway is now clear for biomethane to play a more significant role in achieving the
Directive targets by 2020. Similarly, a significant improvement is needed in order to
achieve the targets of the Alternative Fuels Directive as currently only 50% of Member
States have more than 10 bio-CNG filling stations in operation (NGVAE, 2014b). Bio-CNG
has the potential to significantly contribute to meeting the requirements of these three
directives, once the correct regulatory framework and policy measures exist that will
provide a level playing field between all types of renewable and alternative fuels.
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8.1.3 A gaseous transport fuel market
In order to enable bio-CNG to help achieve the mandatory targets of Renewable Energy
Directive 2009/28/EC and the Alternative Fuels Infrastructure Directive 2014/94/EC, the
bio-CNG supply chain for transport vehicles must be fully developed from production to
transportation to final delivery. The supply of bio-CNG as a transport fuel involves a
significant degree of complexity that is often overlooked. The supply of bio-CNG to the
customer requires all of the regulatory, commercial, and technical processes to work in
unison. From a regulatory perspective, a definitive effective framework is required to
allow potential investors to satisfy themselves that bio-CNG is operationally practicable
and commercially viable. The reduction of regulatory risk to an acceptable level is critical
for bio-CNG investors. Through the author's analysis of the natural gas industry through
consultation with the key stakeholders, three key principles have been determined as
being fundamental to facilitating the development of bio-CNG in Ireland. The three
principles that should underpin the proposed bio-CNG Regulatory Framework are as
follows:
-

Safety: safety is paramount to the operation of the natural gas network and
maintaining such high standards is critical. A strong safety reputation will instil
confidence in the product and service of supplying bio-CNG and injecting
biomethane;

-

Efficiency: the operational overheads incurred through any regulatory regime
should not outweigh the benefits to be obtained through participation in the
market, i.e. players should be encouraged to participate rather than see barriers
to entry due to financial requirements; and

-

Simplicity: as many of the players who are anticipated to play a role in the resale
of bio-CNG are from outside the gas industry, their regulatory requirements and
duties as participants should be clear, consistent and easy to understand and
implement. Complex regulatory requirements will act as a barrier to entering
into the bio-CNG market.
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8.2

Material and methods

8.2.1 Focus of paper
The focus of this paper is to develop a strategic regulatory framework that will facilitate
the development of a bio-CNG market which can effectively supply bio-CNG both
privately and to the public in a safe and cost-effective manner. In order to develop such
a regulatory framework, the paper will review the current arrangements in practice
globally while playing particular attention to the EU with the intention of identifying the
appropriate contractual arrangements to facilitate bio-CNG supply and enable market
development. The focus will then switch to Ireland, a new and emerging developer of
bio-CNG.

As a test case, the paper examines the current regulatory framework in Ireland in order
to develop a bio-CNG market by engaging with the natural gas Transporter in Ireland
(Gas Networks Ireland), reviewing the Regulator's (Commission for Energy Regulation)
current regulatory approach to supplying bio-CNG in Ireland through their recent public
consultation and by engaging with potential Bio-CNG Suppliers, Bio-CNG Fleet Operators
and Biomethane Injection Suppliers in order to determine the perceived ambiguity for
potential bio-CNG market participants. Based on this engagement with the key market
participants in the Irish natural gas and potential bio-CNG markets, the paper will
provide recommendations in order to develop an aligned bio-CNG regulatory framework
in Ireland which can be transposed to other countries with a similar bio-CNG
development profile.

8.2.2 Regulatory requirements
The requirement for a strong regulatory framework is of critical importance in shaping
the development and operation of an effective bio-CNG market. As illustrated in Figure
8.1, a review of the industry by the authors has identified five key elements required to
initiate a strategic regulatory framework to promote, develop and operate an effective
bio-CNG market. Using Ireland as the test case, this paper will investigate how the
identified elements of the regulatory framework for bio-CNG are being developed and
implemented and whether there is potential to further enhance their effectiveness.
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Figure 8.1: The key elements of a potential Bio-CNG regulatory framework

8.2.3 Bio-CNG supply types
When analysing the requirement for a regulatory framework for the supply of bio-CNG,
there are two types of supply options available:
Public Supply: bio-CNG supply point is accessible to the public through a typical
service station. No contractual arrangements are in place with the NGV customer;
and
Private Supply: bio-CNG supply point is owned by a private company (i.e. a fleet
operator) where the bio-CNG is only supplied to NGVs owned or contracted by the
private company.

8.2.4 Bio-CNG stakeholders
When analysing the requirement for a regulatory framework for the supply of bio-CNG,
there are a number of key stakeholders who have specific roles and responsibilities in
order to supply bio-CNG effectively:
Regulator: typically an independent energy regulator charged with the
responsibilities of protecting customers by governing the economic, customer and
safety functions of the market. The Regulator in Ireland is the Commission for
Energy Regulation (CER)8;
Transporter: typically the Regulator entrusts and regulates an entity (Transporter)
to act as transmission system operator by transporting the natural gas on a
national or regional level, using gas transportation infrastructure. The transporter
also operates the internal natural gas market for all participants. The Transport in
Ireland is Gas Networks Ireland;
8

The Commission for Energy Regulation was renamed to the Commission for Regulation of Utilities in
2017.
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Shipper: typically Shippers can produce, trade and supply natural gas to their own
facility or other Shippers/Suppliers;
Supplier: typically Suppliers can produce, trade and supply natural gas to gas
consumers.
Bio-CNG Supplier: a Public Bio-CNG Supplier typically is a forecourt operator who
will supply bio-CNG publicly to NGV customers;
Bio-CNG Fleet Operator: typically a fleet operator owns the NGV fleet being
supplied from their private premises; and
Biomethane Injection Supplier: the owner of the anaerobic digester, upgrading and
injection facilities who produces and injects the biomethane into the natural gas
network.

8.3

Results

8.3.1 Global bio-CNG development
Currently, a number of countries have conditions that favour or require the utilisation
of CNG and biomethane in NGVs. Countries such as Argentina, China, Brazil, Iran,
Pakistan and India have significant air pollution concerns in large urban areas and also
have a plentiful supply of natural gas relative to refined oil products. These countries
together account for approximately 80% of the global NGV passenger fleet (Exxon,
2016). A review by the authors of bio-CNG utilisation from an international perspective
has highlighted that countries that have developed bio-CNG markets have faced
different conditions and challenges due to the complexity of their associated natural gas
regulatory frameworks and their approach towards renewable energy policy.

For example, Brazil has over 1.8 m NGVs and has focussed primarily on the utilisation of
NGVs in captive fleets such as taxies and Light Goods Vehicles (LGVs) (Luomi, 2014).
Brazil ranks 5th in countries across the world utilising CNG in NGVs, yet remains rather
incipient as this only accounts for 2.2% of Brazil's 81 million vehicles as CNG is competing
with ethanol, petrol and diesel (Gomes, 2014). As Brazil is a rather new developer of
natural gas as an energy source and the network is still under construction in large areas
of the country; strategic emphasis has been placed on developing CNG stations in
parallel with the distribution network in order to increase natural gas utilisation and
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profitability (NGVG, 2016). Virtual CNG stations have also been developed within a 200
km radius of the natural gas network where CNG is transported by trucks to satellite
CNG stations for supply to the public (NGVG, 2016). A number of states in Brazil have
introduced incentives (such as annual vehicle registration tax relief) to convert vehicles
to NGVs, while flex-fuel vehicles which run on petrol and CNG are also readily available
(IG, 2014). Emissions from the transport sector are one of the major sources of air
pollution in China. The Government of China have reacted by introducing policy to
develop CNG as a transport fuel resulting in over 3 million NGVs currently in operation
(Li, 2015). Government supports have been provided through subsidies for NGVs,
investment grants for CNG infrastructure, waived highway tolls and research and
development funding for NGV technology development (Li, 2015).

8.3.2 Current EU regulatory landscape
The development of an alternative fuel policy is currently under scrutiny across all EU
Member States as the Alternative Fuels Infrastructure Directive 2014/94/EC has
mandated each Member State to develop National Policy Frameworks for the
implementation of Article 3 of the Directive on the deployment of alternative fuels
infrastructure by 2016; including CNG (and hence bio-CNG) as one of its primary
alternative fuels. In 2010, the European Commission (EC) established a stakeholder
Expert Group on Future Transport Fuels (EG FTF), with the objective of providing advice
to the EC ‘on the development of political strategies and specific actions aiming to the
substitution of fossil oil as transport fuel in the long term, and decarbonising transport,
while allowing for economic growth’ (EC, 2015b). In the EG FTF's latest report, it
recommends that the associated regulation and policy should be steered by the
principle of EU-wide harmonization, i.e. Member State differences (taxation, incentives,
supply licencing, fuel standards, etc.) must be avoided in order to accomplish integrity
of the communal and to help achieve the targets of the Alternative Fuels Infrastructure
Directive 2014/94/EC (EC, 2015b). However, commonality of EC regulation and policy
for the development of alternative fuels is currently under developed. For example, the
EC are providing conflicting guidance for the licencing of the supply of bio-CNG as an
alternative transport fuel.
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The Agency for the Cooperation of Energy Regulators (ACER) was created by the EU to
further progress the completion of the internal energy markets for electricity and
natural gas. In 2015, ACER launched its most recent Target Model update which sets out
its thinking on the key challenges and the potential responses to secure the appropriate
regulatory framework to 2025 (ACER, 2015). In order to facilitate the emergence of CNG
(and hence bio-CNG) across the EU, ACER acknowledging that a harmonised approach
may not be achievable across all Member States, intimated that CNG filling stations may
not need to be deemed as Suppliers of natural gas, and subsequently should not be
subject to licencing procedures (ACER, 2015). However, the Internal Natural Gas Market
Directive 2009/73/EC states that the sale of natural gas to wholesale or final customers
is an activity of supply and therefore the supply of CNG (and hence bio-CNG) should be
a licensable activity in some Member States (including Ireland) (CER, 2015a / EU, 2014a).

From a CNG supply perspective, the interpretation and implementation of the Internal
Natural Gas Market Directive 2009/73/EC differs considerably by Member State.
Although, such detailed information on regulatory frameworks of other countries is not
readily available, the authors found that Greece discounts the supply of CNG in public
forecourts from requiring a supply licence as non-grid connected customers are availing
of CNG (ACER, 2014). In the UK and Germany, the supply of natural gas is only a
licensable activity when exclusively supplied to properties through the pipe network
(CER, 2015a / ACER, 2014).

8.3.3 Ireland as a test case
As bio-CNG is an emerging fuel source for the transport sector in Ireland, this Member
State is a suitable test case to investigate how the regulatory framework and associated
contractual arrangements of supplying bio-CNG are being developed. There are
currently no public bio-CNG stations in operation in Ireland; however, the Transporter
has a number of pilot projects under development. Previous work by the authors has
found that there is significant potential to cultivate. Goulding et al have determined that
bio-CNG has the ability to fuel 14,000 commercial NGVs in Ireland by 2020 if an
appropriate regulatory framework is introduced (Goulding et al, 2014). For the
remainder of this paper, the authors will critique the potential regulatory framework
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and identified key elements which the Regulator needs to address in order to deliver an
effective bio-CNG market in Ireland.

8.3.3.1 Supply licencing requirements

The potential licencing arrangements for CNG (and hence bio-CNG) have come into the
focus of the Regulator (CER), and in March 2015, the CER issued a consultation on
licencing arrangements of CNG for transport in Ireland (CER, 2015b). The purpose of this
consultation was to ‘seek the views of the gas industry, potential users and suppliers of
CNG and any other interested parties on the optimal approach to licencing CNG supply
undertakings’ (CER, 2015b). The authors have reviewed this consultation and have
formulated the following recommendations in order to remove onerous policy
requirements on new bio-CNG supply entrants to this emerging market.

The legislation in Ireland for the supply of CNG (and hence bio-CNG) is currently
conforming to EU legislation denoted in the Internal Natural Gas Market Directive
2009/73/EC while being in contradiction of the ACER Target Model. The 2002 Gas
(Interim) (Regulation) Act defines the supply of natural gas in Section 2 as, ‘the delivery
or sale of natural gas, including liquefied natural gas, to customers and includes shipping’
(ISB, 2002). Section 16 of the 2002 Act mandates the CER to control the licencing
activities for the supply of natural gas in Ireland by allowing the Regulator to grant or
refuse to grant a licence for the supply of natural gas (CER, 2015b / ISB, 2002). The CER
is of the view that the supply of CNG is indeed deemed as a ‘supply of natural gas’ as
defined in Section 2 of the 2002 Act. Furthermore, the CER is proposing that a CNG
Supplier is required to hold a licence for Public CNG Supply as directed in Section 16
(CER, 2015b).

Public CNG Supply: Unlike the suggestions of the ACER Target Model, the CER
consultation proposes that a Public CNG Supplier must hold the current Natural Gas
Supply Licence. However, the CER acknowledge that the licencing of CNG supply should
not be so restrictive that unnecessary barriers are created when seeking entry to the
CNG supply sector. In the current CER Natural Gas Licence, the CER relies on Condition
3.3 which states that ‘where the Licensee does not intend to supply certain classes of
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final customers, the Licensee may request derogations from obligations arising from
Conditions in this Licence … which pertain specifically to those final classes of customers’
(CER, 2015c). By way of Condition 3.3, the CER proposes to offer derogations from some
of the conditions in the existing Supply Licence by introducing a CNG purpose Supply
Licence for Public CNG Suppliers which recognises that some of those Conditions which
refer to traditional gas customers are redundant or are rendered moot. Such
derogations include the removal of conditions for Revenue Protection, Marketing of the
Licensees products and services, Emergency Response Service, Security and Emergency
Arrangements and Regulatory Accounts.

The proposed CNG Supply Licence ensures that the principle of safety in the natural gas
industry in Ireland is maintained. Firstly, any CNG Supply Licence holder must comply
with all applicable laws including the relevant Irish and EU relevant Safety Laws and
Natural Gas Legislation (EU, 2014b / CER, 2007). Furthermore, the CNG Supply Licence
holder must adhere to the natural gas Safety Case; the CER's Natural Gas Safety
Regulatory Framework (CER, 2007). The Safety Case highlights the legislative safety
landscape, the key safety risks which must be managed and how the governance of the
Framework is achieved. The mandatory requirement of the CNG Supply Licence to
adhere to the Safety Case ensures that Licence holders will conform to the stringent
safety requirements, thus ensuring the safe operation of the Irish natural gas network.

In terms of the principle of simplicity, the proposed derogations of the CER consultation
are intended to facilitate the delivery of an appropriate route to market for CNG
Suppliers. For the most part, the authors agree that this can be achieved through the
proposed derogations. For example, a CNG Supplier will not be asked to adhere to the
Code of Practice for Revenue Protection as this applies to Suppliers of fixed premises
and may introduce unnecessary redundant requirements for CNG Suppliers. Similarly,
CNG Suppliers will not have to submit a Code of Practice for marketing to the CER for
approval as it is felt that all fuels for sale in a forecourt should be treated equally. Hence,
a further marketing requirement should not be unduly placed on CNG.
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For the most part, the modified CNG Supply Licence through derogations from certain
standard licence conditions does comply with the principle of efficiency and will partially
facilitate CNG suppliers to enter the gas industry without incurring substantive financial
costs. However, the authors feel that a number of further derogations could be
introduced which would enhance the simplicity and financial efficiency of entering the
industry for CNG Suppliers.

Public CNG Supply: The authors broadly agree that Public CNG Suppliers should require
a CNG Supplier Licence, however, in order to further enhance the effectiveness of the
CNG Supply Licence the authors propose that the following additional derogations
should be introduced:

Condition 2:
Shipping Licence: In the proposed CNG Supply Licence, Condition 2 states that the CNG
Supplier must hold a Shipper Licence as granted by the CER (CER, 2015c). To this point,
the authors maintain that a Public CNG Supplier is only a supplier of CNG and does not
ship the natural gas through the system for sale. Forcing a CNG Supplier to become a
natural gas Shipper may become onerous. Condition 2 of the standard Natural Gas
Shipper Licence states that the Shipper must hold ‘the Competencies to ensure the
Shipping of Natural Gas for its Customers’ (CER, 2015d). The definition of Competencies
includes amongst others that a Shipper must comply with the obligations set out in the
network Code of Operations. The network Code of Operations governs the relationship
between the Transporter and the Shippers on the transmission and distribution
networks in Ireland and sets out the obligations of utilising the network as a Shipper
(CER, 2015d). Such obligations would greatly contradict the principles of simplicity and
efficiency for Public CNG Suppliers as significant operational and financial burden will be
placed on them as Shippers, although they are not shipping natural gas. For example,
the network Code of Operations would require the following obligations to be met:
-

The administration of natural gas capacity nomination requirements;

-

The provision of significant financial security; and

-

The requirement for complex IT systems to utilise the network.
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Such obligations are not suitable for Bio-CNG Suppliers who wish to enter the market to
supply CNG to NGV customers and will hinder the development of a CNG market by
deterring potential players from supplying CNG. The authors propose that a Public CNG
Supplier should require a CNG Supply Licence but not a Shipper Licence. A CNG Supplier's
ability to engage a Shipper without the need to be a Shipper themselves would reduce
the restrictions on operators from entering the market. For example, a Public CNG
Supplier who owns a small public filling station and wishes to sell CNG (or bio-CNG)
should have the ability to engage a natural gas Shipper to conduct the necessary
shipping activities to transport the bio-CNG to their filling station. Expecting a small scale
CNG Supplier to develop the competencies to become a Shipper will deter them from
supplying bio-CNG and will significantly reduce competition.

Condition 17:
Supplier of Last Resort: A Supplier of Last Resort (SoLR) is a Supplier who is designated
by the CER, if felt necessary (i.e. security of supply issue), to make available a supply of
natural gas to a premises previously supplied by another Supplier. While it is very
unlikely that a CNG Supplier will be appointed as the SoLR, it remains the CER's intention
to retain the condition with no derogations. This places additional risk and hence costs
on the CNG Supplier who (in theory) could need significant technical competencies in
order to supply other premises with natural gas. Given the unlikelihood of the CNG
Supplier being appointed SoLR, and the resulting risk attached to the CNG Supplier, the
authors propose to remove this obligation from the CNG Supply Licence. Such a
derogation will have little impact on the security of the network and facilitates the entry
of additional Bio-CNG Suppliers into the market by removing unnecessary risk.

Private CNG Supply: The CER consultation proposes that a Fleet Operator purchases
natural gas from a standard natural gas Supplier who holds the current Supplier Licence
with no derogations (CER, 2015b). Like the ACER Target Model, the Fleet Operator does
not require a CNG purpose Supply Licence to supply their own NGV fleet. This is in
agreement with the 2002 Gas (Interim) (Regulation) Act as the Fleet Operator is not
reselling the CNG. The authors believe that a CNG Fleet Operator utilising CNG on their
premises for their own NGVs should not require a CNG Supplier Licence as the CER has
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recommended. The CNG Fleet Operator is purchasing the fuel from a Supplier for their
own purposes in a manner no different to standard gas consumers. The CNG is not for
resale and thus is not deemed as an activity of supply.

8.3.3.2 Grid connection requirements

All new connections to the transmission and distribution gas network in Ireland are the
responsibility of the Transporter. Any such connection must comply with the
Transporter's Connection Policy in conjunction with the Regulator's approval (GNI,
2015a). In order to connect to the gas network, a potential end-user of gas must sign a
Connection Agreement with the Transporter, which defines all the terms and conditions
of the connection in the form of a contract in line with the Connection Policy. This
Connection Policy covers all types of end-users from domestic to large industrial and
commercial customers. However, a connection for bio-CNG supply is not currently
expressly identified in the Connection Policy and therefore, there is no specific
Connection Agreement for bio-CNG.

The authors believe that the existing Connection Policy should be modified in order to
facilitate Bio-CNG Suppliers to connect to the gas network, including a specific
Connection Agreement which caters for the requirement of compressing the natural gas
or biomethane to 200 bar for the supply to NGVs. The terms and conditions of the
proposed bio-CNG Connection Agreement should be tailored for both Public and Private
Supply.

8.3.3.3 Biomethane injection requirements

Grid injection:
Grid injection. In a similar manner to connecting to the natural gas grid to utilise natural
gas, a contractual agreement is required for the connection of a natural gas undertaking
who wishes to provide natural gas to the network. The Transporter's Code of Operations
for the Irish gas network requires that any Entry Point must hold a Connected System
Agreement to govern how the delivery of natural gas is achieved (GNI, 2015a). The
purpose of a Connected System Agreement is to ensure that the Entry Point is
technically and operationally compatible at the point of connection such that the natural
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gas network and associated natural gas production facility may be safely connected to
deliver natural gas to the network. Currently, the Transporter's Code of Operations does
not consider the injection of an unconventional form of natural gas production such as
biomethane from anaerobic digestion.

The authors feel that the Transporter's existing Code of Operations should be modified
to include a requirement that biomethane must require specifically tailored Connected
System Agreement for a Biomethane Injection Supplier in order for its facilitate to
become an Entry Point and deliver biomethane to the natural gas network. The
Agreement should include every requirement necessary to ensure that the technical and
operational performance is maintained so that safety is not jeopardised but should be
done in the least economically onerous manner possible for potential Biomethane
Injection Suppliers. As with the proposed CNG Supply Licence, the removal of redundant
clauses from the standard Connected System Agreement will ensure Biomethane
Injection Suppliers do not encounter unforeseen economic costs which will affect the
feasibility of its business model.

Gas quality standards:
In Ireland, all natural gas currently entering the network must adhere to the relevant gas
quality specifications laid down in Part G of the Transporter's Code of Operations (GNI,
2015a). Previous work by the authors highlighted that, unlike successful biomethane
injecting countries in Europe who have specific guidelines with regard to biomethane
quality specification and injection, Ireland currently does not have a definite
specification for the injection of biomethane (Goulding, 2011). The authors believe that
the Transporter's Code of Operations should be modified to include a mandate that
biomethane must adhere to the same quality specification as in Part G of the Code. The
customer who wishes to inject biomethane into the grid should be then bound to the
relevant obligations of the Code through the proposed biomethane Connected Systems
Agreement. This would provide a basis for potential biomethane developers to design
their upgrading facilities as efficiently as possible while remaining compliant with the
proposed regulatory requirements. It will also ensure that the quality of biomethane
entering the network is of the same consistency as imported gas from the traditional
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supply sources, and therefore, the same product is available to end users regardless of
where they are located on the network.

8.3.3.4 Commercial resale requirements

Biomethane Injection Suppliers typically produce, upgrade and inject the biomethane
on the site of their anaerobic digestion facility. Previous work by the authors has found
that once biomethane is injected into the gas network, the biomethane blends with the
natural gas in the system and can be transported virtually to any point in the network
where an off-take refuelling bio-CNG station is present (Goulding, 2011). Through
engagement with Bio-CNG Suppliers, Bio-CNG Fleet Operators and Biomethane Injection
Suppliers, the authors feel that it is critical that the differentiation between the cost of
CNG and biomethane in the market is captured effectively as biomethane is typically
more expensive to produce than CNG. As highlighted by Börjesson & Ahlgren, if CNG and
biomethane are considered as equivalent alternatives then the renewable fuel is
undervalued in comparison to its fossil fuel alternative (Börjesson & Aghlgren, 2012). In
other previous work, the authors derive a certification system to ensure that
biomethane injected into the network is firstly, registered as a green fuel and secondly,
is tracked virtually in order to materialise the commercial value of the biomethane when
sold to NGV owners (Goulding et al, 2014).
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Figure 8.2: Potential arrangement for the virtual transfer of bio-CNG from a
Biomethane Injection Supplier to a Bio-CNG Supplier refuelling station (adapted from
Goulding et al, 2014)

For example, the UK have deployed a Green Gas Certification Scheme (GGCS) to track
biomethane volumes with a unique identifier, known as a Renewable Gas Guarantee of
Origin (RGGO), while Germany have deployed a similar system to track biomethane
volumes with Guarantees of Origin (GOs) issued accordingly (REA, 2016 / GGG, 2012).
The authors believe that the requirement for a biomethane certificate register is
paramount to develop an effective regulatory framework for the supply of bio-CNG in
Ireland. Figure 8.2 highlights how to materialise the value of the biomethane produced
through the virtual tracking of the gas in the network (Goulding et al, 2014). The
incorporation of a purchasing agreement between a Biomethane Injection Supplier and
a Bio-CNG Supplier will enable the Biomethane Injection Supplier to materialise the
value of the biomethane once sold in the Bio-CNG Suppliers' refuelling stations.
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8.3.3.5 Taxation/Incentive requirements
CNG taxation relief:
An initial policy measure has been implemented to incentivise gaseous fuel by the Irish
Government; in Budget 2015 the excise duty rate for CNG and biomethane as a
propellant was set at the current EU minimum rate for a period of eight years (DOF,
2014). The EU minimum excise duty rate for CNG is currently €2.6/GJ, or €0.135/L petrol
equivalent, a 77% reduction on the current excise duty rate applied to unleaded petrol
in Ireland which stands at €0.588/L (EC, 2016). The authors feel that a further long term
commitment will entice Bio-CNG Suppliers into the market and the associated reduction
in bio-CNG fuel prices will attract Bio-CNG Fleet Operators and private vehicle owners
to switch to NGVs.

Renewable incentives:
There are currently a number of commercial incentives for the production of
biomethane being utilised across Member States for the last number of years. Ware et
al highlight how attractive feed-in tariffs (FIT) for electricity have incentivised biogas
production for electricity. However, there is an absence of parallel incentives for
cleaning and upgrading biogas to biomethane for grid injection and utilisation as a
transport fuel (Ware et al, 2014). In Table 8.1, Kitzing, et al illustrate how Member States
have taken different approaches to providing incentives for renewable energy
production and are placing significant focus on electricity (Kitzing et al, 2012). In the EU,
the largest share of biomethane production is held by Germany. Such production has
led to accelerated growth in biomethane injection, resulting in the largest feed-in grid
capacity in the EU (Bowe, 2013). In Germany, FITs for electricity generation are the main
incentive mechanism available to promote renewable energy production including a
bonus FIT for biomethane injection.

This is also the case in Ireland as the Irish Government has placed a significant emphasis
on providing support incentives for renewable electricity generators in the form of the
Renewable Energy Feed in Tariff (REFIT) (Goulding et al, 2014). The latest round of this
incentive scheme; REFIT 3 was introduced to support AD to electricity, AD to CHP and
biomass to CHP (DCENR, 2012). However, in the transport sector it does not provide
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incentives; rather a requirement in terms of the National Biofuel Obligation Scheme. As
highlighted by Goulding et al, Irish Government policy is currently overlooking
biomethane injection for financial support with no such subsidy for biomethane in
Ireland (Goulding et al, 2014). Engagement with potential Biomethane Injection
Suppliers has reinforced that the disregard for biomethane in Irish Government policy is
significantly hindering development.

There is also significant debate as to whether incentive schemes such as REFIT, which
are specifically commodity - production - supply concentrated, are placing significant
financial burden on the tax payer and consumers (GNI, 2015b). For example, the UK is
revising its current renewable energy subsidies (mainly FITs) by reducing the incentives
to a capped level in order to protect consumers from higher energy bills (DCC, 2015).
Ware et al have reviewed the Swedish model where the percentage of biomethane
utilised in NGVs is higher than CNG. The Swedish Government rely on fiscal incentives
and quota obligations to ensure biomethane producers/suppliers of a guaranteed
market (Ware et al, 2014).

Subsequently, it is the author's view that a full review of the incentive strategy for
renewable energy in Ireland should be undertaken by the Irish Government. With REFIT
3 now closes since the end of 2015, the timing is perfect to review all technologies that
have the potential to help achieve the targets of the Renewable Energy Directive
2009/28/EC and the Fuel Quality Directive 2009/30/EC; including biomethane injection
for utilisation as a transport fuel. The correct balance needs to be struck in terms of FITs,
capital supports and taxation relief to ensure that customers are protected.

The Irish Government has recently consulted on a technology review for the potential
development of a Renewable Heat Incentive (DCENR, 2015). The authors feel that a
similar consultation is required in order to support renewable transport for both 1st and
2nd generation transport fuels. Biomethane production as a transport fuel is currently
excluded from such support incentives which highlights the unequal playing field that
currently exists for renewable transport technologies in Ireland. Economic modelling is
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required for all potential renewable transport fuels and prioritisation should be given to
technologies that deliver lower greenhouse gas emissions.

Incentive
Type
Feed-in Tariffs
Feed-in Premiums
Tender/Bidding systems
Quota Obligations
Investment Grants
Fiscal Measures
Financing Support

Number of countries applying the scheme
RES-E
RES-H
RES-T
21
7
3
5
2
6
8
18
20
25
11
13
12
22
9
4
-

Table 8.1: Renewable support strategies implemented in the EU (August 2011) (Kitzing
et al, 2012)

Soft Incentives:
To make bio-CNG appealing to the market as a new technology, Goulding and Power
have previously highlighted how ‘soft’ incentive mechanisms are required to attract the
utilisation of NGVs. In a study of the potential to develop a biomethane transport
industry in Ireland, Goulding and Power provide examples of how incentives to road
users for operating NGVs such as road tax relief, road toll relief and free city parking are
used across Europe to positively promote bio-CNG (Goulding & Power, 2011). The EG
FTF also promote the use of non-financial incentives such as reserved highway lanes to
generate a market presence for alternative fuels during the initial development phase
(EC, 2015b). The authors agree that such soft incentives, without placing significant
economic pressure on the Irish Government or tax payer, can create a positive
perception for alternative fuels such as bio-CNG and can attract new commercial and
private transport vehicles owner to switch to NGVs.

8.4

Discussion

8.4.1 A strategic regulatory framework
Ireland as a test case offers valuable insight into what is required to develop a bio-CNG
industry. In Ireland, the key regulatory tools to operate the natural gas network are
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already in place and can be modified strategically to facilitate the operation of an
effective bio-CNG market through network utilisation. In order to supply bio-CNG, the
following modifications should be made to the existing regulatory policy of the natural
gas industry:
-

The modification of the existing Natural Gas Supply Licence to create a specific
Bio-CNG Supply Licence which, through the use of derogations from the existing
licence, will allow bio-CNG Suppliers to supply bio-CNG to the public in a
regulatory consistent manner without incurring onerous financial burden.
Private supply should not require a Bio-CNG Supply Licence as it is not supplying
bio-CNG to customers; and

-

The modification of the Transporter's existing Connection Policy to cater for the
connection of both Private and Public bio-CNG facilities will provide a
standardised mechanism for potential bio-CNG participants to connect to the
natural gas network; while the Bio-CNG Supply Licence will provide the route to
the market.

As with the supply of bio-CNG, the regulatory framework for the injection of biomethane
can lean on the existing regulatory policy for the connection of other traditional natural
gas systems into the Irish natural gas network. In order to inject biomethane into the
network, the following modifications should be made to the existing regulatory policy
of the natural gas industry:
-

The modification of the Transporter's existing Code of Operations to include a
requirement for a specific Connected System Agreement for Biomethane
Injection Suppliers to allow their facility to have an Entry Point and deliver
biomethane to the natural gas network. The Agreement should be tailored in the
least economically onerous manner possible while ensuring safety and
operational performance is maintained; and

-

The modification of the Transporter's existing Code of Operations to include a
requirement that biomethane must adhere to the same quality specification as
in Part G of the Code for standard natural gas entering the Irish network. The
biomethane Connected System Agreement should require injected biomethane
to comply with the natural gas specification in the Code.
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The introduction of the amended regulatory controls above will allow all participants to
enter the bio-CNG market and facilitate the supply of the product from a technical
perspective. In order to enable the commercial operation of the bio-CNG market, the
following policy measures should be incorporated into the regulatory framework for bioCNG:
-

The extension of excise duty relief beyond the proposed period of 8 years for
CNG;

-

The review, consultation and implementation of an appropriate incentive
support scheme which does not place significant higher costs on consumers and
rewards technologies who produce renewable transport fuel with lower
greenhouse gas emissions; and

-

The development of soft incentives such as free parking, priority highway lanes
and vehicle tax relief which do not amass large financial costs and will invite
traditional transport users to switch to NGVs.

The review of Ireland as a test case has highlighted how a Member State with a fully
developed natural gas industry can apply its existing regulatory framework for natural
gas in order to efficiently develop a strategic regulatory framework for bio-CNG. There
are clear synergies to be exploited as highlighted by the authors in this paper through
the modification of existing regulatory mechanisms and agreements to include bio-CNG
utilisation as a transport fuel through the network. Such synergies can be achieved in
other Member States who wish to develop a bio-CNG transport market by utilising their
natural gas network. Figure 8.3 breaks out the key five elements identified; mapping the
key regulatory mechanisms required to deliver a strategic regulatory framework for
other Member States to follow which will assist in developing a safe, regulatory sound
and customer driven bio-CNG market that can compete with traditional transport fuels.

214

Policies required to encourage biomethane as a transport fuel
Bio-CNG
Regulatory
Framework

Bio-CNG Supply

Bio-CNG Public
Supply Licence

Supply Grid
Connection
Bio-CNG
Connection
Agreement

Biomethane
Injection
Biomethane
Connected
System
Agreement

Commercial
Resale

Taxation /
Incentives

Biomethane
Certification

CNG Excise Duty
Relief

Standard
Quality
Specification

Certification
Tags
Certification
Transfer
Register

Renewable
Transport
Incentive
(Review)

Soft Incentives

Figure 8.3: The proposed regulatory framework for bio-CNG for relevant EU Member
States

8.4.2 The benefits of a strategic regulatory framework
The introduction of a bio-CNG regulatory framework will lead to many benefits to
Ireland's transport sector, namely lower greenhouse gas emissions and lower transport
fuel costs. However, developing such a framework will incur costs to the Irish state. A
cost-benefit analysis is highlighted in Tables 8.2 and 8.3 that quantifies the costs
burdened on the Government of Ireland through the implementation of the bio-CNG
regulatory framework by its key stakeholders (namely: the Transporter and the
Regulator) versus the beneficial savings that can be materialised by introducing bio-CNG
into the transport market by applying the proposed regulatory framework. Over an 8
year period (timeframe for excise duty relief for CNG granted by the Irish Government),
the introduction of the proposed bio-CNG framework will see a net benefit of €46.6m
and a benefit to cost ratio of 2.02 based on the following assumptions:
-

The construction of 22 bio-CNG stations from 2017 to 2024 that will fuel 45
Heavy Goods NGVs per station or 330 in total;

-

Each heavy goods NGV will travel 100,000km/a with an efficiency that is 10%
greater than its diesel equivalent;

-

The gaseous fuel to be supplied will be 80% CNG and 20% biomethane; and
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-

The investment cost of constructing the bio-CNG station is to be absorbed by the
Bio-CNG Supplier.

In terms of the benefits for potential Bio-CNG Fleet Operators, previous cost benefit
analysis by the authors (lifetime costs over a five year operating period) found that there
is a 22% saving for a fleet operator who wishes to purchase, fuel and maintain a light
goods NGV fleet in comparison to an equivalent diesel fleet. This saving equates to a
two year payback on the capital investment of the fleet (Goulding et al, 2014). Such a
saving further reinforces the ability of bio-CNG to complete effectively against petrol
and diesel in the transport sector.
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Costs of implementing a bio-CNG framework to Ireland over 8 year period
Bio-CNG Supply
Development of a Bio-CNG Public Supply Licence1/

€m

0.25

Supply Grid Connection
Development of a Bio-CNG Connection Agreement1/

0.26

Biomethane Injection
Development of a Biomethane Connected System Agreement1/
Development of a Standard Quality Specification1/

0.29
0.21

Commercial Resale2/
Commissioning of Biomethane Certification System
Creation of the Certification Tags
Management of the Certification Transfer Register

1.35
0.16
0.40

Taxation / Incentives
Tax avoidance on diesel due to CNG Excise Duty Relief3/
Consultation on a potential Renewable Transport Incentive1/
Tax avoidance due to CNG Soft Incentives4/

41.81
0.35
0.79

Total Cost of bio-CNG framework for Ireland (2016 monies)

45.86

Footnotes:

1/

based on the deployment of Full Time Employees (FTEs) – Regulatory Manager earning (€66,129)
per annum to conduct a consultation process and deliver & maintain the associated Licences /
Agreements going forward (Payscale, 2016).
2/
based on the development of an IT system, associated operating licences and FTEs to maintain the
Certification Transfer Register.
3/
based on the displacement of the equivalent volume of diesel with bio-CNG and the subsequent
taxation lost assuming the current excise rate is 0.48€/l for diesel and 0.11€/l diesel equivalent for
CNG is applied. Each heavy goods NGV travels 100,000km/a with an efficiency that is 10% greater
than its diesel equivalent (CER, 2015a / ITCO, 2015).
4/
based on the remove of Vehicle Registration Tax for heavy goods NGVs which is currently €500/a
(DECLG, 2016). Also avoided is the standard toll for a heavy goods NGV which is currently €4.80 per
toll assuming 2 tolls per 5 day week (TII, 2016).

Table 8.2: Costs of implementing the proposed bio-CNG regulatory framework by the
Government of Ireland
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Monetary benefits of implementing a bio-CNG framework to Ireland over 8
year period
Environmental Savings
Saving in carbon emissions reduction1/
Policy Infringement
Avoidance of potential EU Directive (2009/28/EC) fines2/

€m

2.15

46.25

Job Creation
Construction & maintenance of CNG installations3/

9.67

Government Taxation
Avoidance of diesel sales rebates4/

3.40

Natural Gas Revenues
Earnings due to increased system throughput5/

30.99

Total Benefit of bio-CNG framework in Ireland (2016 monies)

92.46

Footnotes:

1/

based on the following values assuming 80% CNG and 20% biomethane utilised versus diesel:
Carbon Dioxide: 0.205kg CO2/kWh CNG; 0.0kg CO2/kWh biomethane; 0.264kg CO2/kWh diesel; at a
cost of €20/tCO2 (ITCO, 2016a / SEAI, 2016).
2/
based on an estimate made by the Irish Department of Communication, Energy and Natural
Resources in June 2014 that Ireland will incur costs of €140m and €600m depending on the inability
to meet between 1% and 4% of the Directive (2009/28/EC) RES target of 16%. This analysis assumes
that biomethane can meet 0.5% of the RES, thus negating the associated proportion of the median
EU fine of €370m (DPER, 2015 / PP, 2016).
3/
based on the deployment of Full Time Employees (FTEs) – Construction Engineer earning (€34,000)
per annum per station at 22% taxation to the Irish Government and subsequent saving of 9,776€/a
from the job seekers register per new FTE (CSO, 2014 / DSP, 2016).
4/
based on Irish Government Rebate scheme for diesel in which the displaced diesel will no longer
receive a rebate of €0.03/l assuming a sale price for diesel of €1.35/l (ITCO, 2016b).
5/
based on the sale price of the increased throughput of commercial CNG at 0.041€/kWh assuming
60% of the cost is attributed to Transporter transportation costs and Irish Government Valued Added
Tax (VAT) (SEAI, 2016b).

Table 8.3: Benefits of implementing the proposed bio-CNG regulatory framework by
the Government of Ireland

8.5

Conclusions

In conclusion, the current regulatory framework for bio-CNG is not hindering nor
facilitating the development of bio-CNG in the transport industry in Ireland. At present,
a potential bio-CNG market is depending on the current regulatory framework which in
not stable enough to facilitate the efficient and effective development of bio-CNG.
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However, if the recommendations highlighted in this paper were implemented, then the
proposed bio-CNG regulatory framework in an Irish context would be: legislative
compliant; ensure the safety of the natural gas network is maintained; ensure
operational overheads incurred through the regulatory framework would not outweigh
the potential benefits; and would promote investment in a sustainable and renewable
transport fuel. The implementation of this bio-CNG regulatory framework would provide
an additional economic benefit in the region of €46.6m to Ireland, providing a 2.02
benefit to cost ratio over the aforementioned 8 year period. Finally, the simplicity of the
framework would ensure that the requirements and duties of potential bio-CNG market
participants are clear, consistent and easy to understand, thereby, facilitating the
development of bio-CNG as a transport fuel safely, in a regulatory sound and costeffective manner.

8.6

Chapter reflection

8.6.1 Motivation
The potential of bio-CNG in terms of production, technical capability and refuelling
infrastructure development have been highlighted in Chapter 7, in which a roadmap of
22 strategically placed bio-CNG stations can provide adequate coverage for the
development of a bio-CNG transport market throughout Ireland in line with the
requirements of the Alternative Fuels Infrastructure Directive 2014/94/EC. However, in
order to commit to and deliver upon this potential, there needs to be effective, coherent
and enduring market conditions in place to entice the major market players to develop
and partake in a bio-CNG transport market. Unfortunately, Ireland does not currently
have such market conditions in place to provide a level of comfort and stability in order
to attract such Suppliers, Bio-CNG Suppliers, Bio-CNG Fleet Operators and Biomethane
Injection Suppliers into this market presently with only one public refuelling station
envisaged to supply CNG in 2018.

Therefore, the author is motivated to conduct an in-depth review of the current
legislation in Ireland and the EU, determine the key regulatory gaps and propose
strategic solutions in order to develop a safe, efficient and simplistic regulatory
framework for the supply of bio-CNG in Ireland. The author believes that creating an
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attractive regulatory framework for market participants is paramount for the supply of
bio-CNG given the mature transport network and ease of which the petrol and diesel
transport market currently operates.
In terms of this comparative research into the legislative and regulatory conditions
required to effectively supply bio-CNG as a transport fuel to the Irish transport industry,
the parameters investigated by the author and the associated reasoning are as follows:
-

The key focus of this chapter is to determine the regulatory requirements to
supply bio-CNG to the public and to private operations. Although private
refuelling infrastructure was not considered in Chapter 7, there is a necessity to
consider the private supply of bio-CNG as it has major potential as an alternative
sustainable transport fuel for the commercial captive fleet who refuel at their
own private depots (HGVs, LGVs, etc.) as highlighted in Chapter 6;

-

The development of a bio-CNG regulatory framework is based on the three core
principles of safety, efficiency and simplicity to ensure that the regulatory and
commercial risk is at an acceptable level for bio-CNG investors when committing
to partaking in the bio-CNG transport market;

-

Given Ireland’s current status as an EU country with a first class natural gas
network and significant lack of a bio-CNG transport market, the author believes
that Ireland is a perfect test case to examine the current regulatory framework
for the supply of natural gas and how it can be adapted to supply bio-CNG as a
transport fuel; thus forming the basis of the proposed bio-CNG regulatory
framework in this chapter; and

-

The introduction of a regulatory framework for the supply of bio-CNG should not
place financial burden on the Government of Ireland. Therefore, a cost-benefit
analysis of the proposed regulatory framework is conducted to ensure such a
proposal is financially viable for the Irish State.

8.6.2 Important learnings
This chapter has undertaken an in-depth review of the current legislative landscape for
the supply of bio-CNG as a transport fuel in the EU and Ireland as well as significant
consultation with the key Irish bio-CNG market stakeholders to determine the optimum
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bio-CNG regulatory framework for the supply of bio-CNG in Ireland in which the key
findings are as follows:
-

In essence from the regulatory and commercial perspective of the Transporter,
the current utilisation method of facilitating the supply of natural gas to
customers connected to the network as a heat source or for electrical production
is very similar to facilitating the supply of natural gas to a Bio-CNG suppliers
refuelling station to compress to bio-CNG as a transport fuel for public purchase.
Therefore, the author found through examination of the current regulatory and
legislative landscape that the key regulatory tools are already in place to operate
the network effectively and should be modified strategically to facilitate the
operation of an effective bio-CNG transport market through network utilisation;

-

A safe, efficient and simplistic regulatory framework is paramount in order to
supply bio-CNG as a transport fuel to Bio-CNG Supplier customers and to BioCNG Fleet Operators. The treatment of the licencing regime for the supply of bioCNG is critical in this regard; a strict licencing regime will increase costs to
perspective market participants making participation unattractive while a soft
licencing regime may lend to the unsafe and negligent supply of bio-CNG.
Therefore, the following regulatory approach should be taken to bio-CNG supply:
-

The author is in full agreement with the Regulator that the Private supply
of bio-CNG should not require a Bio-CNG Supply Licence as it is not
supplying bio-CNG to customers but rather its own private fleet. All
required regulatory and safety requirements can be captured in the
terms and conditions of the proposed bio-CNG Connection Agreement
between the Transporter and the Bio-CNG Fleet Operator. Therefore, the
non-requirement of a Bio-CNG Supply Licence removes one significant
barrier for bio-CNG as a transport fuel which aims to target the
commercial captive fleet as its initial primary utilisation pathway; and

-

The author largely agrees with the Regulator that the supply of bio-CNG
to the public should require a Bio-CNG Supply Licence to be held by
perspective Bio-CNG Suppliers. The Regulator has shown a degree of
empathy to the new market by offering derogations to certain licence
conditions (Revenue Protection, Marketing of the Licensees products and
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services, Emergency Response Service, Security and Emergency
Arrangements and Regulatory Accounts) of the Bio-CNG Supply Licence
in order to remove onerous policy requirements on new bio-CNG
Supplier entrants. However, the author has learned through consultation
with the Transporter and potential bio-CNG market participants that one
further significant derogation is required in order to make supplying bioCNG efficient and simplistic for Bio-CNG Suppliers. The author strongly
believes that Condition 2 which requires a Bio-CNG Supplier to hold a
Shipper Licence as granted by the CER and thus be bound to the onerous
conditions of the Code of Operations, should also be deemed as a
derogation in the Bio-CNG Supply Licence. The inclusion of Condition 2
will have a detrimental effect on the initiation of a public bio-CNG supply
market. Instead, Bio-CNG Suppliers should be able to nominate an
existing natural gas Supplier to conduct the requirements of Condition 2
on their behalf; and
-

As well as the previously highlighted environmental and EU energy policy
benefits which bio-CNG as a transport fuel can bring, the implementation of the
proposed regulatory framework for the supply of bio-CNG in this chapter (based
on the bio-CNG infrastructure roadmap of 22 bio-CNG refuelling stations devised
in Chapter 7) would provide a financial benefit in the region of €46.6m to the
Government of Ireland, with a 2.02 benefit to cost ratio over an 8 year period.
This proposal should be strongly considered by the Government of Ireland given
the typically high regulatory costs associated with introducing a new renewable
technology into the market.

8.6.3 Focus going forward
This chapter has devised a strategic regulatory framework for the supply of bio-CNG as
a transport fuel in Ireland for both private and public customers. The findings of this
chapter will provide a strong basis to allow a bio-CNG market to operate effectively by
contractually aligning the previously determined potential of bio-CNG in terms of
biomethane production (Chapter 4), with the associated technical network injection
requirements (Chapter 5), through utilising the captive fleet as the optimum pathway to
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market (Chapter 6), which will be served by the infrastructure roadmap with bio-CNG
refuelling coverage throughout Ireland (Chapter 7). Not only does the proposed
regulatory framework deliver an effective solution for the supply of bio-CNG as a
transport fuel, it does so in a financially viable manner for the Government of Ireland
and deserves strong consideration from the associated policy makers.

The various requirements for injecting biomethane into the natural gas network have
been considered on a technical perspective in Chapter 5, a policy perspective in Chapter
6 and a regulatory perspective in Chapter 8. From a theoretical perspective, this provides
an all-encompassing effective roadmap to introduce biomethane into the Irish transport
industry if the recommendations of this research are executed. However, the author has
now been given opportunity to work on a project that will deliver the first biomethane
injection facility in Ireland in 2018. Therefore, Chapter 9 will provide a real life, industry
perspective on the technical, regulatory and safety considerations and constraints
associated with developing a biomethane injection facility in Ireland in the current
regulatory and policy landscape. This case study aims to highlight the technical,
regulatory and safety frameworks required to inject biomethane into the natural gas
network of Ireland for utilisation as a transport fuel in one of the networks currently
operational CNG refuelling stations; thus realising the key objective of this thesis.
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9.0 Renewable transport policy in Ireland: progress to date
and what is required to close the gap to reach the 2020
and 2030 renewable transport targets

Abstract
Greenhouse gas emissions from energy production/utilisation is one of the most
significant environmental issues which the world currently faces. The European Union
(EU) has fully recognised this issue and responded by introducing the Renewable Energy
Directive (2009/28/EC) in 2009, mandating the EU to achieve 20% of its total energy
demand with renewable energy sources (RES) by 2020. To assist in meeting this target,
Ireland is mandated to achieve 16% RES including a binding 10% share of renewable
energy sources for transport (RES-T). Ireland’s RES stood at 9.5% in 2016; the third
largest deficit of all EU Member States. In transport, Ireland requires a significant further
5% RES-T to achieve the 2020 target.

A renewable transport fuel that is being

overlooked by energy policy makers in Ireland, although enjoying major success in
countries like Sweden, France and the United Kingdom, is biomethane. Biomethane as
a transport fuel is renewable, produced from indigenous organic resources and provides
a competitive low-carbon solution for heavy goods vehicles and buses. Gas Networks
Ireland, the natural gas network operator in Ireland, has identified biomethane as the
transport fuel of the future and is currently facilitating the introduction of the first Irish
biomethane network injection facility in County Kildare. This facility will have the
capability to inject 100 GWh/annum by 2020 subject to favourable market conditions;
equating to a RES-T of 0.6%. Although the 2020 targets are imminent, the EU RES target
for 2030 is likely to be in the region of 27% to 35%. Ireland will need to implement a
wide range of policy measures to encourage all feasible renewable options to achieve
these targets. The policy recommendations made proposed by the author can enable
20% of the natural gas demand in Ireland to be supplied with biomethane by 2030;
equating to approximately 25% RES-T.
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Publication details: Goulding Browne JD, Power NM, “Renewable transport policy in
Ireland: progress to date and what is required to close the gap to reach the 2020 and
2030 renewable transport targets”
Article currently under journal review.
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9.1

Introduction

9.1.1 Greenhouse gas emissions
Climate change is presently regarded as one of the major challenges facing humankind
in the 21st century (IPCC, 2012). Climate change occurs when there is a significant change
in the measurements of climate, such as temperature, rainfall, or wind, lasting for an
extended period of time (EPA, 2018a). Although the earth's climate has naturally
transformed on numerous occasions throughout history, the key difference with the
changing climate in present times is that human activity is significantly contributing to
and expediting natural climate change through the production of greenhouse gas
emissions (GHGs) in everyday life (EPA, 2018a). Damaging GHG production is at an alltime high level through humankind’s necessity to burn fossil fuels, engaging in intensive
agricultural processes and changing the use of land from its natural purpose. The
production of carbon emissions from the burning of fossil fuels (primarily for energy
generation) has grown at an alarming rate, increasing exponentially from 1900 to 2014
and has over doubled since 1970 alone (Boden et al, 2017). The majority of increased
carbon emissions production (78%) correlates with the growth of the global economy
and requirement for fossil fuels to assist industrial processes from the 1970s onwards
(US-EPA, 2018). Such rapid growth is causing extreme damage to the globe’s ecosystems, resulting in increased air and ocean temperatures, melting ice glaciers, rising
sea levels, increased rainfall, increased droughts and other influences (EPA, 2018a).

9.1.2 Transport sector emissions
The energy sector of interest for the authors is the transport sector which currently
produces 14% of the globe’s GHG emissions (IPCC, 2014). Global transport GHG
emissions have experienced monumental growth of 250% from 2.8 GtCO2eq in 1970 to
7 GtCO2eq in 2010 (JRC/PBL, 2013). There is a strong relationship between the
production of transport emissions (per capita) and the level of income experiences by a
country (per capita) which leads to high-income country’s utilising more freight and
passenger fossil fuel transportation to meet its increased industrial and social
requirements (IPCC, 2014). A country which signifies this dependency on fossil fuels in
transport is Ireland, in which 35% (12.6 MtCO2) of all energy-related carbon dioxide
(CO2) emissions were produced by the transport sector through the utilisation of 97.5%
226

Policies required to encourage biomethane as a transport fuel

of its energy sources from fossil fuels, all of which were imported (SEAI, 2014). From a
global perspective, Ireland is a smaller producer of GHG emissions in terms of volume.
However, Ireland’s GHG emissions production per capita is amongst the highest of any
country across the globe (EPA, 2018b). As a Member State of the European Union (EU),
such significant GHG emissions production is strongly scrutinised through aggressive EU
environmental and renewable policies.

9.2

Methods and materials

9.2.1 Focus on gaseous transport fuel
Given Ireland’s transport sector dependency on fossil fuels and their subsequent
significant contribution to GHG emissions, the authors are motivated to determine a
means of reducing its dependency on petrol and diesel by introducing an alternative
transport fuel in the form of compressed natural gas (CNG) and its renewable form,
biomethane. The authors are motivated by the many policy and environmental benefits
that CNG and biomethane can deliver in Ireland if the Government of Ireland (GOI) can
fully commit to the development of an indigenous biomethane transport industry while
applying the lessons learned from the struggling electric vehicle (EV) strategy. Therefore,
this article will focus on what is required to close the gap to reach the 2020 and 2030 EU
renewable transport targets through the utilisation of CNG and biomethane as a road
transport fuel. The objectives of this article are as follows:
-

Examine the current EU and GOI environmental and energy policy frameworks
for road transport which were established to lower transport GHG emissions;

-

Review the performance of the aforementioned frameworks in Ireland and the
significant policy and environmental challenges it faces to meet overarching EU
binding targets, both in GHG emissions reduction and renewable energy
production;

-

Illustrate how biomethane and CNG (bio-CNG) as a transport fuel can impact the
road transport industry of Ireland if an effective “production to supply”
regulatory and policy strategy is developed;

-

Present the first biomethane injection demonstration project in Ireland as an
illustration of what is technically viable and how it is currently overcoming the
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many regulatory and policy challenges associated with introducing a new form
of renewable energy into the transport market; and
-

Examine the feasibility and potential of bio-CNG to address the highlighted policy
and environmental challenges facing the transport industry in Ireland and the
part it can play in assisting Ireland to achieve its EU renewable energy and
climate change targets to 2020, 2030 and beyond.

9.2.2 Why gaseous transport fuel?
The utilisation of CNG as a transport fuel in natural gas vehicles (NGVs) is a successful
and proven technology across the globe with over 31,000 refuelling stations servicing
26.1 million NGVs in 2018 (NGVG, 2018). NGVs utilise CNG in a similar manner to petrol
vehicles and has comparable operational, refuelling and travel range characteristics.
Utilising CNG as a road transport fuel also creates a pathway for the introduction of
biomethane as an alternative renewable transport fuel in Ireland. Biomethane as a
transport fuel has a similar composition to CNG (Goulding et al, 2014). Anaerobic
digestion (AD) is the process of producing biogas through the digestion of organic matter
in an oxygen-free environment. Biogas generally consists of methane (CH4 = 55%), CO2
(45%) and trace impurities such as hydrogen sulphide (H2S) and oxygen (O2). To utilise
biogas as a transport fuel, it must be upgraded to biomethane by cleaning the
biomethane to 97% CH4. This is achieved through the removal of CO2 and other
impurities to ensure it does not adversely affect a NGVs engine. There are many
significant benefits for bio-CNG as a transport fuel in comparison to petrol and diesel
which are outlined as follows:
-

CNG performs admirably from a GHG emissions perspective in comparison to
diesel producing 22% less CO2, 70% less NO2, 80% less sulphur dioxide (SO2) and
99% less particulate matter (PM) per unit of energy equivalent (GNI, 2016a). In
terms of emissions savings from biomethane utilisation as a transport fuel, the
amounts of GHGs that can be saved is dependent on the biomethane supply
chain such as the feedstock utilised, the operating conditions of the AD facility
and the type of upgrading process deployed (Horschig et al, 2016). Biomethane
produced from agricultural manure can save up to 96% of GHG emissions in
comparison to diesel when utilised as a transport fuel (EBA, 2016);

228

Policies required to encourage biomethane as a transport fuel

-

Biomethane is produced from organic materials (such as grass silage, agricultural
slurries, organic waste, microalgae, biomass, etc.) which are in plentiful supply
in Ireland and can provide a sustainable indigenous form of renewable transport
energy. Goulding and Power derived that 5% of the area under grass in Ireland
would contribute 11.4% to RES-T by 2020 (Goulding & Power, 2013); and

-

The fuel cost savings of CNG in comparison to petrol and diesel range from 17%
to 35% making it an extremely attractive alternative fuel source (GNI, 2016a).
Lifetime cost analysis from Goulding et al found that a light goods vehicle (LGV)
running on bio-CNG (20% biomethane) is 22% cheaper when travelling 60,000
km/a over a five year period (Goulding et al, 2014).

9.3

Theory

9.3.1 EU transport energy policy
The EU has recognised that climate change and GHG emissions produced by the
transport sector is a significant problem for all Member States. In order to combat this
issue, the EU introduced the 2020 Climate & Energy Package which introduced three key
targets for the EU to achieve (EU, 2018a): a 20% reduction in GHG emissions from 1990
levels under the Effort-Sharing Decision (406/2009/EC) and the EU Emissions Trading
System (EU ETS), a 20% increase of energy from renewables under the Renewable
Energy Directive (2009/28/EC) and a 20% improvement in energy efficiency under the
Energy Efficiency Directive (2012/27/EC).

The Effort Sharing Decision which was published by the EU in 2009 places a collective
binding target of a 10% reduction in GHG emissions by 2020 by setting individual
national GHG emissions reduction targets (based on a 2005 baseline level) ranging from
11% to 20% (EU, 2009a). The focus of the Effort Sharing Decision is to reduce emissions
from sectors not included in the EU ETS, such as the transport, buildings, agriculture,
and waste sectors. In parallel to the proposed emissions reduction of 21% through the
EU ETS, this aims to achieve the overall mandated GHG emission reduction target of 20%
by 2020 (EU, 2018a).
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The Renewable Energy Directive of 2009 places a collective binding target of 20% final
energy consumption from renewable sources (RES) by 2020 by setting individual
national renewables targets (based on individual baseline energy consumption) ranging
from 10% in Malta to 49% in Sweden (EU, 2009b). As part of the Renewable Energy
Directive, each Member State must also achieve a mandatory 10% of their transport
energy from renewable sources (RES-T) by 2020. All Member States have adopted
national renewable energy action plans (NREAPs) which state the planned policy
measures and renewable technologies they intend to deploy to reach their individual
RES target and 10% RES-T target (EU, 2018b). The EU have also committed to renewable
energy utilisation beyond 2020, and in 2016 published a proposal for a revised
Renewable Energy Directive to ensure that a RES target of 27% (previously agreed by all
Member States) to 2030 can be achieved (EU, 2016). A proposal is currently being
reviewed by the EU that could see this target rise to 35%.

To strengthen the requirements of the Renewable Energy Directive, the EU Alternative
Fuels Infrastructure Directive of 2014 aims to decarbonise the EU transport industry by
reducing dependency on oil (transport still relies on oil for 94% of its energy in the EU
with approximately 87% of it imported) and promoting the use of cleaner fuels (EU,
2018c). The Alternative Fuels Infrastructure Directive mandates Member States to
derive national policy frameworks (NPFs) in order to develop appropriate quantities of
infrastructure and refuelling points for electricity, CNG, liquefied natural gas and
hydrogen (EU, 2014). CNG infrastructure development alone requires an appropriate
number of refuelling points in urban/suburban areas as well as along the TEN-T core
network to provide sufficient CNG coverage in applicable Member States (EU, 2014).

9.3.2 Ireland’s transport energy policy
The GOIs energy policy framework for the development of a low carbon transport sector
is cascaded down from the EU’s over-arching climate and energy policy framework. The
GOIs strategy to achieve the RES-T target by 2020 is documented in its NREAP which was
approved by the EU in 2010. The NREAP has established a two-pronged approach which
combines significant increases in the use of biofuels with the accelerated development
and use of electric vehicles (EVs) in Ireland; aiming to achieve 9% and 1% of the RES-T,
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respectively (DCCAE, 2010). In order to increase the usage of biofuels, the national
Biofuel Obligation Scheme 2010 obliges all road transport fuel suppliers to use a biofuel
blend in petrol and diesel to guarantee that biofuels represent a certain percentage of
their annual fuel sales as directed by the GOI - the obligation was increased on 01
January 2017 to 8.7% from 6.4% previously (NORA, 2018).

With respect to EVs, in 2010 the NREAP set an ambitious target of introducing 230,000
EVs into the Irish road transport industry which equates to 10% of its passenger and LGV
stock (DCCAE, 2010). The GOI placed significant emphasis on the promotion of the EV
market by introducing a broad range of initiatives such as completing a large roll out of
charging points nationally, introducing grants for purchasing EVs (up to €5,000 per EV)
and lobbying of vehicle manufacturers (DCCAE, 2017a). Despite the deployment of such
supports, the uptake of EVs has been significantly slower than anticipated (2,000 EVs
operational in 2016) which resulted in the GOI reducing the 2020 target to 50,000 EVs
in 2014 (DCCAE, 2017a). This was followed by a further reduction to 20,000 EVs in 2017
as part of Ireland’s NPF for the Alternative Fuels Infrastructure Directive (DTTAS, 2017).
The GOI published this NPF with an overall objective of transitioning the Irish transport
industry to ensure that all newly purchased cars and vans are zero emission or zero
emission-capable by 2030, while also significantly increasing uptake in freight vehicles
and buses sectors to low emissions vehicles (LEVs) (DTTAS, 2017).

9.3.3 Ireland’s transport energy policy performance
At the end of 2016, the RES-T of Ireland stood at 5.0%9, which is halfway towards
achieving the EU mandatory target of 10% by 2020; more worrying is the fact that gross
final consumption of energy from RES-T actually reduced from 129ktoe in 2015 to
119ktoe in 2016 (DCCAE, 2017a). As per the Biofuels Obligation Scheme, over 184 million
litres of biofuels were utilised in 2015 which dropped to 174 million litres in 2016
(DCCAE, 2017a). In relation to EVs, there were 562 EVs (battery and plug-in hybrid)
purchased in 2015, accounting for 0.5% of new car sales which contributed a total
operational market of 1,370 EVs (SEAI, 2017a). The overall market rose to over 2,000

9

The Renewable Energy Directive allows sustainable biofuels receive an extra weighting under national
biofuel obligations in order to ensure that biofuels diversify the range of feedstocks (EU, 2009b).
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EVs in 2016 which is nearly 18,000 EVs short of the NREAP target to achieve the RES-T
by 2020 (DCCAE, 2017a).

The GOIs latest NREAP Progress Report in 2016 states that 345ktoe or 400 million litres
of biofuels is required in order to achieve the RES-T in 2020 with EVs only expected to
make a minimal contribution (DCCAE, 2017a). These equates to a 23% per annum
increase in biofuels utilisation from 2017 to 2020. Therefore, it is clearly evident that
increasing the biofuels share is the key policy mechanism for the GOI to achieve a RES-T
of 10% by 2020 with further development of EVs predominantly (with assistance from
CNG) in order to meet future renewable and environmental targets to 2030 and beyond.
However, there are a number of significant policy and environmental concerns that need
to be addressed in order to close the gap to reach the 2020 and 2030 renewable
transport targets.

9.3.4 Critical challenges facing the Irish transport sector
Policy challenges:
From a policy perspective, the GOI has developed an NREAP which, based on the NREAP
latest statistics, will significantly struggle to achieve the RES-T (and RES) by 2020; Ireland
currently has the third largest RES gap to close in the EU (PP, 2017). The Sustainable
Energy Authority of Ireland (SEAI) calculates that the consequence of not meeting the
RES target by 2020 could cost the GOI between €65 million and €130 million10 per
percentage point shortfall on the overall RES target (SEAI, 2016). Such compliance costs
will need to be negotiated between the GOI and the EU Commission and are likely to
come in the form of financial fines or a “statistical transfer” where the GOI may purchase
renewable energy virtually from a MS who has already achieved its RES target to
eliminate the shortfall (IIEA, 2018). Therefore, it must be questioned whether the
current policy framework of the GOI to deliver the RES-T through imported biofuels and
EVs is the most effective and strategic policy mechanism to 2020 and beyond.

10

SEAI: “The broad range of this estimate reflects uncertainty around compliance costs in the as yet nonexistent compliance market for renewable energy target compliance”.
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There are a number of concerns with a policy framework that is so dependent on
biofuels. Firstly, nearly all biofuels utilised in Ireland are currently imported, meaning
that there is no indigenous element to the vast majority of renewable transport energy
utilised. More worrying is the fact that a 23% increase per annum in biofuels unitisation
is required from 2017 to 2020 in order to achieve the RES-T target, particularly when
biofuel utilisation actually decreased by 5.4% from 2015 to 2016. Secondly, the
American Society for Testing Materials (ASTM) International develops specifications for
conventional diesel fuel (ASTM D975) which states that the warranty on petrol and
diesel engines becomes invalid if the biofuel blend in the fuel is too high: petrol is 10%
and diesel is 5% for unweighted biofuel blends (Ó’Gallachóir, 2018). This may be a
significant challenge if the GOI continues to lean heavily on biofuel blending to achieve
2030 targets and beyond.

From an EV perspective, it is clearly evident that there is a significant challenge for the
GOI to increase EVs sales in order to contribute significantly to renewable energy
targets. Through the latest NREAP, the GOI reduced its projection to 20,000 EVs to assist
in achieving the RES-T by 2020. The GOI must be questioned on how energy policy to
achieve the RES target to 2030 remains so heavily dependent on EVs given their
struggles to date. The GOI has even pledged another €10m of funding to EV
development in the 2018 Budget while the NPF projects over 800,000 EVs in operation
by 2030 even though it is highly unlikely that the latest 20,000 EV target will be met by
2020. Furthermore, the impact which a passenger EV has on the RES target is minute
with 50,000 EVs equating to less than 0.5% RES (Ó’Gallachóir, 2018). The poor
performance in EV sales can be attributed to many technical factors including limited
battery ranges, high purchase costs, limited choice of EV models on the market as well
as poor social acceptance (DCCAE, 2017a / Yong & Park, 2017). A significant challenge
for the GOI and the transport industry is to improve the social acceptance of new zero
or low-emissions vehicles introduced to the market. In a survey of 2,241 fossil fuel car
owners in Norway; 66% of the group would not consider buying an EV as their next
vehicle (EEA, 2016). A major challenge for policy makers and EV manufacturers is the
limited range of EVs in comparison to traditional fossil fuel vehicles which is one of the
key drivers to limited acceptance in the transport industry (Mruzek et al, 2017).
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The major challenge for the GOI is to revise its current energy policy to diversify Ireland’s
renewable transport portfolio by fully committing to alternative forms of indigenous
renewable forms of energy such as biomethane. Biomethane has been overlooked by
the GOI in achieved renewable and environmental targets to date, although having
major success as a competitive low-carbon solution for HGVs, LGVs and public transport
buses in countries such as Sweden, France and the United Kingdom (UK). Given the
policy and financial commitment to biofuels and EVs, the Irish Government needs to give
a comparable strong commitment to developing a strategic energy policy for
biomethane as a transport fuel in order to give Ireland a fighting chance of achieving the
RES-T target and low carbon transport sector by 2030.

Environmental challenges:
The GHG emissions reduction target set out in the EU Effort Sharing Decision for Ireland
is 20% below its GHG emissions level in 2005 (EU, 2009a). According to the latest GHG
Emission Projections Report by the Environmental Protection Agency (EPA) in April 2017,

Ireland will only reduce GHG emissions by 4-6% below 2005 levels (EPA, 2017). The
transport sector accounted for 19.1% of the country’s total GHG emissions in 2015
(DCCAE, 2017b). The EPA projects that this figure may rise to 29% by 2020 (EPA, 2017).
Such poor performance may result in significant financial fines from the EU or statistical
RES transfers if such targets are not achieved. Furthermore, such GHG emissions
production will contribute to further extreme weather events for Ireland with significant
flooding and storms being experienced on a far more regular basis; such as Storm
Ophelia in 2017 and Storm Emma in 2018.

Another significant environmental issue attributed to the transport sector is air
pollution. Air pollution from transport is caused through the emission of NO 2, SO2 and
PM from a vehicle’s fossil fuel combustion engine (EEA, 2017). The European
Environment Agency found that such emissions cause 400,000 premature deaths a year
in Europe (EBA, 2016). Statistically, the number of premature deaths caused due to air
pollution in Ireland is estimated at 1,510 people (EPA, 2018c). With Ireland’s transport
sector emissions expected to increase by 29% by 2030, it is critical to reduce the
utilisation of petrol and particularly diesel in which bio-CNG offers an alternative
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solution that can significantly reduce air pollution as it produces approximately 70% less
NO2 and 99% less PM than diesel (GNI, 2016a).

The EPA’s analysis states that the agricultural and transport sectors are the “key
determinants” in achieving EU GHG emissions reduction targets and based on current
projections (EPA, 2018c). GHG emissions will only reduce by 1-3% for non-ETS emissions
by 2035 (based on 2005 levels) if the policies and measure in place to 2020 are not
significantly revised; the transport sector is projected to increase GHG emissions
production by 11.3% to 2030 due to is strong linkage to Ireland’s forecasted economic
growth (EPA, 2017). It is clearly evident that GHG emissions reduction is a significant
environmental and policy challenge for the GOI, with the transport sector requiring an
upgraded and accelerated strategic approach to firstly, halt increasing GHG emissions
production as forecasted, and secondly, reduce GHG emissions to meet EU emissions
and air quality targets.

9.4

Results

9.4.1 Gaseous transport fuel potential in Ireland
The impact of CNG has been minimal in Ireland’s road transport sector to date with no
public CNG stations in operation while there are two operational private CNG stations
(GNI, 2017a). The 2017 NPF has projected the five operational public service stations by
the end of 2017 which is already behind target as the first CNG public station is currently
under development in Dublin Port and is only due to become operational in 2018
(DTTAS, 2017). In 2014, there were 31 AD facilities in operation producing biogas with a
total capacity of 47MW; (EC, 2016). However, there is currently no renewable gas
transport market in Ireland as there are no operational biomethane injection facilities
in Ireland at present. The authors deem that the main reason for not meeting the NPF’s
target of five public CNG refuelling stations in 2017 is that there has not been a strategic
policy driver for CNG and biomethane development by the GOI as only biofuels and EVs
are included in the NREAP to reach the RES-T by 2020. The NPF has considerably over
estimated CNG development given that there is currently no defined regulatory
framework or customer focussed market in place to utilise gaseous transport fuel.
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In the absence of policy from the GOI for the development of a gaseous transport
industry to facilitate the delivery of a low carbon transport sector, GNI as the network
operator in Ireland is leading the charge in delivering a gaseous transport industry
through the utilisation of CNG and biomethane by planning to install and commission 70
new public and private bio-CNG refuelling stations across Ireland by 2025 (GNI, 2016b).
As a first phase of the proposed 70 bio-CNG refuelling station programme, GNI secured
€6.4m in funding in 2016 as part of the Causeway Study Initiative which is part of the EU
Connecting Europe Facility (CEF) for Transport (GNI, 2016b). In support of the Causeway
Study, the CRU also approved €12.83m of innovation allowances which guarantees that
GNI can utilise the full €6.4m of EU funding to facilitate the completion of the study by
2020 (GNI, 2017a). This funding engages GNI to develop the first 14 CNG public refuelling
stations of a planned network of 70 across Ireland as well as the development of the
first biomethane injection point, and will provide financial support to commercial
vehicle owners wishing to purchase dedicated NGVs (GNI, 2016b).

As part of the Causeway Study funding, GNI in collaboration with biogas producer Green
Generation Limited (GGL) are developing the first biomethane injection facility to the
natural gas network in 2018 (GNI, 2017a). Over the next five years, GNI aim to develop
six biomethane injection facilities across strategic locations in the natural gas network
with a total combined annual capacity of 1,450GWh (Quinn, 2018). Furthermore, GNI
are targeting to inject biomethane to meet 20% of total gas demand into the natural gas
network by 2030 which would have the ability to fuel 50% of the current total truck and
bus fleet in Ireland (Quinn, 2018). This target would significantly reduce the carbon
footprint of the natural gas network equating to a carbon emissions savings of over 2
million tonnes of CO2 per annum (GNI, 2017a). However, such an aggressive
commitment does not come without its challenges. A recent market consultation
conducted by KPMG estimates that a capital investment of approximately €1.5 to €2m
billion is required in order to upgrade the natural gas network and develop the necessary
250 agricultural AD facilities to deliver the 20% target by 2030 (KMPG, 2018).

Furthermore, the SEAI found that biogas from low cost waste feedstocks have the
potential to provide 3% of the natural gas demand experienced in Ireland in 2015 while
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under-utilised grassland feedstocks could provide 22% (SEAI, 2017b). The EU has also
acknowledged the potential to produce biomethane in Ireland, establishing that Ireland
has the most potential for biogas production per capita within the EU by 2030 if an
accelerated growth rate is applied to biogas and biomethane injection (EC, 2016). An
examination of the bio-CNG potential in Ireland as a transport fuel with favourable
market, regulatory and policy conditions by Goulding et al proposes that a bio-CNG
roadmap can deliver 1% of the RES-T target by 2020 through the commissioning of 11
biomethane injection facilities (Goulding et al, 2014). When injected into the natural gas
network with this associated volume of biomethane (20%), virtually blended with CNG
(80%) has the potential to provide a low carbon, cost saving solution for 14,000 buses,
LGVs and taxis (Goulding et al, 2014). Follow on works for Goulding et al also determined
that 22 bio-CNG refuelling stations supplying bio-CNG (20% biomethane) would provide
a net economic benefit to Ireland of over €46.6m, providing a 2.02 benefit to cost ratio
over an 8 year period. Again this analysis assumes that the implementation of this
strategic bio-CNG regulatory and policy framework is completed by the GOI in order to
entice transport industry players to enter the bio-CNG market (Goulding et al, 2017).

9.4.2 Introducing the first biomethane injection facility to Ireland
The first biomethane network entry facility (BNEF) in Ireland is currently being
developed by GGL in collaboration with GNI in Cush, County Kildare. GGL has previously
developed a farm-based AD facility which is located in Nurney, County Kildare and is
producing biogas since March 2015 (GGL, 2018). The feedstock for the AD facility is pig
manure from the connected pig farm and food waste which is sourced from contractual
agreements with food companies. GGL currently utilises the produced biogas in an onsite CHP unit with the output electricity exported to the national grid and the output
heat used to satisfy the parasitic demand of the AD facility and pig farm (GGL, 2018).
The AD facility is currently producing more biogas than the CHP unit’s installed capacity
can utilise. Therefore, GGL have determined that the optimum solution for the excess
biogas is purification to biomethane and injection to the natural gas network at the Cush
site which is 7km away and is located within 10m of the distribution network.
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From a GNI perspective, capital grant funding through the CEF has been provided to GGL
for the development of the upgrading facility which will take place at the Nurney site
and the BNEF at the Cush site. GNI are also assisting by completing a design review to
optimise their functional specification for this project and future BNEFs, developing a
safety framework for biomethane injection and constructing a new connection for the
BNEF into the 4 bar distribution natural gas network near the Cush site. Given the
significant potential of biomethane in Ireland and GNI’s plan to have 20% of the natural
gas network flowing with biomethane in 2030, this project upon completion will allow
GNI to demonstrate the technical viability of biomethane injection to the natural gas
network in Ireland; instilling confidence into the market and illustrating the benefits of
biomethane injection to policy makers. In the absence of policy for biomethane injection
and utilisation as a transport fuel, GNI and GGL are aiming to breakdown the technical,
regulatory and policy barriers through this demonstration biomethane injection project.

9.4.2.1 Aims of the BNEF project

The main aims of the demonstration BNEF project in Cush for GNI as the natural gas
network operator in Ireland are as follows:
-

Establish a technical design solution for future BNEF projects through a design
function specification and day to day operation procedures;

-

Remove market barriers and increase confidence for biomethane developers by
developing an enduring regulatory framework which is bespoke to biomethane
injection while still remaining consistent with the principles of the current
natural gas regulatory framework; and

-

Develop an enduring safety framework which is bespoke to biomethane injection
while still remaining consistent with the principles of the current natural gas
safety framework to ensure safety remains paramount to the natural gas
network of Ireland.

9.4.3 Technical solution
Through the installation of a biomethane upgrading system at the existing AD facility at
Nurney, it is proposed that the biogas will be purified to biomethane and will be
transported 7km by road via a NGV truck and compressed gas cylinders trailer to the
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Cush site where the gas pressure will be reduced from 250 bar to 10.5 bar via a pressure
reduction skid (PRS) prior to entering biomethane into the BNEF which will inject
biomethane that meets the GNI Code of Operations gas quality specification into the 4
bar natural gas network (GNI, 2017b). The end to end process of feedstock entering the
AD facility to injecting biomethane into the natural gas network is illustrated in Figure
9.1. The GGL BNEF has been designed to inject up to 1,200 m 3/hr of biomethane into
the natural gas network once fully operational which equates to approximately 100GWh
of renewable energy per annum (GNI, 2017a). A design functional specification
document is being developed by GNI based on the GGL BNEF which is proposed to act
as a BNEF template for potential AD to BNEF developers in Ireland. It is the intention of
GNI that all new biomethane injection facilities will implement a technical design
solution that is consistency with the key design parameters of this BNEF design
functional specification document.

Figure 9.1: Proposed process flow diagram for the GGL AD to biomethane
injection facility (derived from GGL, 2017)
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9.4.4 Bio-CNG regulatory framework
In conjunction with developing a BNEF for biomethane injection from a technical
perspective, a customer focussed regulatory framework is required in order to ensure
that biomethane injection and subsequent utilisation as a transport fuel (and other end
uses) is completed in an effective, simplistic and safe manner for all stakeholders
involved. GNI, GGL and the CRU are currently collaborating to develop an enduring
robust regulatory framework to inject biomethane into the natural gas network at the
Cush site which will act as a template for all future biomethane injection facilities in
Ireland to follow. Goulding et al determine that an effective regulatory framework must
instil confidence that biomethane injection is operationally practicable and
commercially viable for all stakeholders, in order to ensure that biomethane injection
developers such as GGL feel that the level of risk for investing into such a technology is
acceptable (Goulding et al, 2017). Raising capital from investors and banks is a complex
process for developers, especially if the regulatory framework associated with a new
market in its infancy is volatile or ineffective (ENEA, 2017).

9.4.4.1 Key stakeholders

There are a number of key stakeholders who have specific roles and responsibilities in
order to ensure that biomethane is injected into the natural gas network at the Cush
site in a safe and effective manner. Figure 9.2 illustrates the stakeholder involvement
for each phase from AD production to bio-CNG utilisation as a transport fuel. Goulding
et al has previously devised a regulatory framework for the effective supply of bio-CNG
as a transport fuel in which the following key stakeholders were identified (Goulding et
al, 2017):
-

Regulator: typically an independent energy regulator charged with the
responsibilities of protecting customers by governing the economic, customer
and safety functions of the market. The Regulator in Ireland is the CRU;

-

Transporter: typically the Regulator entrusts and regulates an entity
(Transporter) to act as transmission and/or distribution system operator by
transporting the natural gas on a national or regional level, using gas
transportation infrastructure. The transporter also operates the internal natural
gas market for all participants. The Transporter in Ireland is GNI;
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-

Biomethane Injection Supplier: the owner and/or operator of the AD facility and
upgrading facility produces biomethane and provides it to the BNEF for injection
into the natural gas network. The Biomethane Injection Supplier can also own
and operate the BNEF. The Biomethane Injection Supplier for this development
is GGL;

-

Delivery Facility Operator (DFO): the owner and/or operator of the biomethane
injection facility who injects the biomethane into the natural gas network but
does not necessarily own or operate the AD facility or upgrading facility. For
example, the BNEF could be owned by an undertaking independently with other
Biomethane Injection Suppliers transferring biomethane to this communal or
centralised injection point on the natural gas network. The DFO for this
development is also GGL as it owned the entire AD to BNEF facility;

-

Shipper: typically Shippers can produce, trade and supply natural gas to their
own facility or other Shippers/Suppliers. The Shipper will be nominated by GGL
prior to commissioning of the BNEF;

-

Supplier: typically Suppliers can produce, trade and supply natural gas to gas
consumers. The Supplier (also will be the Shipper as all Suppliers are deemed as
Shippers in the natural gas network of Ireland) will be nominated by GGL prior to
commissioning of the BNEF;

-

Bio-CNG Supplier: a Public Bio-CNG Supplier typically is a forecourt operator who
will supply bio-CNG publicly to NGV customers. Any Bio-CNG Supplier will have
the ability to purchase the biomethane once it has a Bio-CNG Supplier Licence
approved by the Regulator and has purchased the biomethane from a Supplier,
or becomes a Supplier itself; and

-

Bio-CNG Fleet Operator: typically a fleet operator owns the NGV fleet being
supplied from their private premises. Any Bio-CNG Fleet Operator will have the
ability to purchase the produced biomethane once it has purchased the
biomethane from a Supplier. A Bio-CNG Fleet Operator does not required a BioCNG Supplier Licence.

241

Policies required to encourage biomethane as a transport fuel

Figure 9.2: Key stakeholders and responsibilities in the bio-CNG regulatory framework

9.4.4.2 Ownership and responsibilities

The policy approach for the ownership and operation of the BNEF is largely based on the
United Kingdom’s standard connection model for biomethane injection. This model
assumes that the Transporter only has sufficient monitoring and safeguard equipment
to protect the network in the event that the biomethane does not meet the required
gas quality specification, temperature and pressure requirements. It is the DFO’s
responsibility to ensure that the quality of the biomethane is produced and processed
sufficiently for injection into the Transporter’s natural gas network as per their relevant
gas quality specification as laid out in the Transporter’s Code of Operations (GNI, 2017b).
Therefore, for the biomethane injection facility in Cush, only the remote operating valve
(ROV) and remote telemetry unit (RTU) inside the BNEF will be owned and operated by
the Transporter as well as the new connection pipework downstream of the BNEF. All
other equipment upstream of the ROV would be owned and operated by GGL as
Biomethane Injection Supplier and DFO. Figure 9.3 illustrate the assets owned by the
Transporter and GGL on the Cush site.
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Figure 9.3: BNEF site layout and associated Transporter assets at the Cush site (GGL,
2017)

Previously published works by Goulding et al highlighted that a key barrier to
biomethane injection in Ireland is the absence of a coherent regulatory framework
(Goulding et al, 2017). Accordingly, Goulding et al proposed a bio-CNG regulatory
framework that would provide certainty to this potential market by offering an effective,
strategic and safe solution for biomethane supply as a transport fuel in Ireland (Goulding
et al, 2017). The authors of this article in conjunction with the Transporter are aiming to
further expand on the proposed bio-CNG regulatory framework for the injection of
biomethane and the subsequent supply of bio-CNG as illustrated in Figure 9.4. This
regulatory framework focussed on the existing natural gas regulatory framework in
Ireland with the addition of bespoke mechanisms to facilitate the injection of
biomethane and the supply of bio-CNG as a transport fuel in a safe, effective and
simplistic manner to NGV users.

In order for the enduring bio-CNG regulatory framework to succeed, all stakeholders’
focus and principles must be aligned to instil a degree of confidence into the
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development of a gaseous transport industry. Thus, Table 9.1 outlines the objective of
each key mechanism of the bio-CNG regulatory framework and the responsible
stakeholders whose endeavour is critical in order to create a coherent effective strategy.

Figure 9.4: The enduring bio-CNG regulatory framework under development

For example, a DFO may have a BNEF physically connected to the network ready for
injection through collaboration with the Transporter, but if the DFO is unable to execute
a Shipper Agreement with a nominated Shipper to commercially transport the
biomethane, the BNEF cannot be commissioned; resulting in the flaring of biomethane
and subsequent loss of revenue to the DFO. Therefore, it is obvious from Table 9.1 that
the key mechanisms have a significant layer of interdependency and thus require full
commitment from the key identified stakeholders in order to develop and operate a
robust and effective bio-CNG regulatory framework that will entice potential
Biomethane Injection Suppliers, DFOs, Shippers, Bio-CNG Suppliers and the transport
market to invest in this new renewable transport industry. Another observation to note
is that the bio-CNG supply phase of the framework is in the latter stages of development
with the first public CNG refuelling station due on line in 2018. Conversely, the
biomethane injection and distribution phase is currently under development and will
evolve as the bio-CNG market matures as seen in other EU countries such as France and
Germany.
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Table 9.1: Key mechanisms of the enduring bio-CNG regulatory framework
Process
BNEF
Network
Connection

Biomethane
Injection

Regulatory
mechanism

Responsible
stakeholders

Constraints and
interdependences

Under
development.

DFO & Transporter

Required before the Transporter
can provide the BNEF with a new
connection to the existing natural
gas network.

As the Transporter will own the RTU and the ROV in the
BNEF, the execution of a Lease Agreement (including
Right of Way provision) is required in order to allow the
Transporter to access the RTU and ROV for operations
and maintenance purposes. A Wayleave agreement is
also required to construct and maintain the proposed
70m of 150mm pipeline from the BNEF to the network on
GGL’s land.

Under
development.

DFO & Transporter

Required before the Transporter
can provide the BNEF with a new
connection to the existing natural
gas network.

Connected
System
Agreement

This Agreement between Transporter and GGL sets out
specific provisions applicable at the point at which the
two systems (BNEF and natural gas network) connect at
the ROV, including the responsibilities and entitlements
of each party, the liability regime and property and access
arrangements. As GGL are not party to the Code of
Operations, the CSA places obligations on GGL as DFO to
comply with certain provisions of the Code of Operations.

Under
development.

DFO & Transporter

Required before commissioning of
the BNEF and subsequent
biomethane injection can take
place.

Shipper
Agreement

Unless the DFO obtains a Shipper Licence, the DFO must
nominate a registered Shipper to introduce biomethane
and move it within the network. Accordingly the DFO will
require a Shipper Agreement with a Licenced Shipper in
order to allow biomethane enter the network and
transport bio-CNG through the network on their behalf.
The Shipper Agreement will also include the associated
commercial terms and conditions.

Under
development.

DFO & Shipper

Required before commissioning of
the BNEF and subsequent
biomethane injection can take
place.

Objective

Status

Connection
Agreement

All new connections to the transmission and distribution
gas network are the responsibility of the Transporter. GGL
and the Transporter must enter into a Connection
Agreement to agree the commercial arrangements of the
BNEF connection to the network as per the GNI
Connections Policy (GNI, 2015).

Property
Agreements

(nomination)
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Process

Regulatory
mechanism

Objective

Status

Responsible
stakeholders

Constraints and
interdependences

Code of
Operations

Gas Quality
Specification

All biomethane injected into the network must adhere to
the relevant gas quality specifications laid down in Part G
of the Transporter’s Code of Operations (GNI, 2017b)

Developed.

Transporter

The ROV will close if out of
specification biomethane is found
in the BNEF. This biomethane will
then be flared.

Code
modifications

1. General biomethane injection provision:

Under
development.

Transporter, Regulator,
Shippers & Suppliers

Both code modifications must be
approved by the Regulator
following industry consultation.

A code modification is required to the GNI Code of
Operations for the introduction of biomethane injection
to the natural gas network including associated changes
that are required to an existing provisions of the Code.

Required before commissioning of
the BNEF and subsequent
biomethane injection can take
place.

2. O2 Content:
A code modification is required to the GNI Code of
Operations in order to increase the current oxygen limit
of ≤0.2mol% for gas injected into the network to ≤1mol%
in order to ensure that Biomethane Injection
Suppliers/DFOs can comply with the requirements of
producing biomethane that meets the GNI Code of
Operations quality specification for network injection.
This derogation will only apply to biomethane injection
entry points and exit points. A similar derogation on
oxygen content was approved for biomethane injection in
the United Kingdom under the Gas Safety Management
Regulations entry specification.
Commercial
treatment

Connection
Policy (and
process)

The GNI Connection Policy deals with the connections of
all loads to the transmission and distribution gas
networks, outlining detailed criteria (including
commercial terms) for the evaluation of new connections
and extensions to the gas network, including extensions
to towns not currently served by the network (GNI, 2015).
This policy also outlines the connection process, required
connection agreement and how connection charges are
calculated in order for the Transporter to recover
associated costs from the various categories of customers
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development.

Transporter & Regulator

Required before the Transporter
can provide the BNEF with a new
connection to the existing natural
gas network.
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Process

Regulatory
mechanism

Objective

Status

Responsible
stakeholders

Constraints and
interdependences

(GNI, 2015). Accordingly, the Connection Policy is being
revised to include biomethane injection new connections.

Bio-CNG
Supply

Systemisation

The Gas Transportation Management System (GMTS) is
the I.T. system which the Transporter deploys for
managing capacity bookings and offtakes on the natural
gas network (CER, 2008). This web-based transaction
system allows Shippers/Suppliers on the natural gas
network to interface with the Transporter regarding their
daily natural gas requirements (CER, 2008). As part of the
bio-CNG regulatory framework, GTMS requires
modification in order to facilitate the management of
capacity bookings of injected biomethane and
subsequent offtakes.

Complete.

Transporter

Cannot commercially account for
biomethane injected into the
network until systemisation has
taken place.

Tariffs

New entry tariffs for transmission and distribution points
are required for biomethane to recover the Transporter’s
investment costs associated with a new BNEF entry point
and allowable operating costs (GNI, 2018). Currently, it is
proposed that the biomethane entry tariff arrangement
will comply with the Matrix Model as defined in the EU
Network Code on Harmonised Transmission Structures
for Gas. Creating a biomethane tariff arrangement in line
with this Code will ensure that a harmonised and
transparent transportation cost solution is provided for
the market.

Under
development.

Transporter & Regulator

All
customers
must
pay
Transporter tariffs in order to
receive
natural
gas
or
biomethane.

Biomethane
certification

A biomethane certification system is required to ensure
that biomethane injected into the natural gas network is
firstly, registered as a green fuel and secondly, is tracked
virtually in order to materialise the commercial value of
the biomethane when sold to NGV owners (Goulding et
al, 2014).

Under
development.

Transporter

Cannot materialise a monetary
value for biomethane until in
place.

Bio-CNG Public
Supply Licence

This licence is required from the Regulator in order for an
undertaking to supply Bio-CNG to the public at any
offtake on the natural gas network.

Developed.

Regulator, Bio-CNG
Supplier

Cannot supply bio-CNG from the
natural gas network to the public
until in place.
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Process

Regulatory
mechanism

Objective

Status

Responsible
stakeholders

Constraints and
interdependences

The most important change from a normal natural gas
supply licence is that the Bio-CNG Public Supply Licence
does not require the undertaking to hold a Shipping
Licence as it may place undue responsibilities on the BioCNG Supplier. The Bio-CNG Supplier can engage a
Shipper/Supplier through a Shipper Agreement to
transport the bio-CNG through the natural gas network to
the refuelling station (CRU, 2017c).
Connection
Agreement

Similarly to the GGL BNEF facility, a Bio-CNG Suppler/Fleet
Operator (public/private supply) and the Transporter
must enter into a Connection Agreement to agree the
commercial arrangements of their bio-CNG refuelling
station connection to the network as per the GNI
Connections Policy (GNI, 2015).

Developed.

Bio-CNG Supplier/Fleet
Operator & Transporter

Required before the Transporter
can provide the bio-CNG refuelling
station with a new connection to
the existing natural gas network.

Shipper
Agreement

Unless the Bio-CNG Supplier obtains a Shipper Licence,
the Bio-CNG Supplier must nominate a registered Shipper
to move the bio-CNG to their refuelling station offtake
point. Accordingly, a licenced Bio-CNG Supplier will
require a Shipper Agreement with a Licenced Shipper in
order to transport bio-CNG through the network on their
behalf. The Shipper Agreement will also include the
associated commercial terms and conditions.

Developed.

Bio-CNG Supplier &
Shipper

Required before natural gas can
be provided to the Bio-CNG
Supplier or Bio-CNG Fleet
Operator refuelling station.

As the Transporter will own the bio-CNG refuelling
compressor, the execution of a Lease Agreement
(including Right of Way provision) is required in order to
allow the Transporter to access the compressor for
operations and maintenance purposes. A Wayleave
agreement is also required to construct and maintain the
pipeline from the compressor to the network on the BioCNG Suppler/Fleet Operator’s land.

Developed.

Bio-CNG Supplier/Fleet
Operator & Transporter

Required before the Transporter
can provide the bio-CNG refuelling
station with a new connection to
the existing natural gas network.

(nomination)

Property
Agreements
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9.4.5 Bio-CNG safety framework
9.4.5.1 GNI Safety Case

As Regulator, the CRU is responsible for the safety regulation of the natural gas network
in Ireland through its Gas Safety Regulatory Framework (GSRF) which was developed in
2007. Under the GSRF, all natural gas undertakings are mandated to be licenced by the
Regulator in which an associated Safety Case is submitted to the Regulator for approval
(CRU, 2018). The Safety Case is required to ensure that the natural gas undertaking is
managing the risks associated with their activity to “As Low As Reasonably Practicable”
(ALARP) as specified in the Regulator’s ALARP Guidance Part of the Petroleum Safety
Framework and the Gas Safety Regulatory Framework - CER/16/106 (CRU, 2017a).
Therefore, as the Transporter and operator of the natural gas network in Ireland, the
Transporter has a fundamental obligation under the GSRF to reduce all associated risks
to safety to a level that is ALARP through their Transmission and Distribution Safety
Cases (CRU, 2017b).

Figure 9.5: The bio-CNG safety framework under development

As the GNI Safety Cases (transmission and distribution) are live documents and are
adapted as the natural gas network develops, they are managed and revised as
necessary to inform the Regulator of any ‘Material Changes’ to each Safety Case,
including but not limited to ‘significant changes to the capacity, configuration and/or
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operation of the undertaking’s gas infrastructure assets’ (CRU, 2017b). Furthermore, it
is the responsibility of the natural gas undertaking to determine the materiality of
changes and to inform the Regulator accordingly (CRU, 2017b). As this is the first
biomethane injection entry point in Ireland, GNI as Transporter believe that it is prudent
to seek approval for a Material Change to the GNI Safety Case (distribution) for the GGL
BNEF and new biomethane entry point on the distribution network at the Cush site.
Therefore, throughout the design phase of the project, the Transporter and GGL have
deployed several mechanisms to assess the safety and technical performance of the
BNEF and mitigation of the associated risks to ALARP during its lifecycle, as highlighted
in Figure 9.5 and described in Table 9.2.

These safety mechanisms provide a comprehensive assessment of risks associated with
introducing a renewable form of gas into the natural gas network and the subsequent
safeguards that will be incorporated into the design and operation of the BNEF to ensure
such risks are managed to ALARP. A Material Change Notice will be submitted to the
Regulator for their review, and if the Regulator considers a sufficient level of detail is
present to demonstrate ALARP, then CRU can ‘accept’ the Safety Case. Once accepted
by the Regulator, commissioning of the GGL BNEF and subsequent biomethane injection
into the natural gas network of Ireland can commence.

9.4.5.2 Other safety cases

As a natural gas undertaking under the GSRF, any Shipper engaged to transport
biomethane on behalf of the DFO will also require a Material Change approval to their
Safety Case from the Regulator as biomethane procurement, movement and supply are
new activities for a Shipper under Safety Case guidelines. Similarly, any new Bio-CNG
Supplier who wishes to supply bio-CNG to public NGV customers are required to submit
a Safety Case for approval to the Regulator highlighting such activity. These safety
mechanisms are also highlighted in Figure 9.5 as part of the bio-CNG safety framework
and are described in Table 9.2.
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Table 9.2: Key mechanisms of the enduring bio-CNG safety framework
Process
GNI Safety
Case

Safety
mechanism
Material Change
Notice

Objective
1. Biomethane injection
A Material Change is required to the GNI Safety
Case to accommodate the biomethane injection
process at a new entry point on the network. A
revised Safety Case documenting all changes and a
Formal Safety Risk Assessment (FSRA) of the
proposed change(s) must be submitted to the
Regulator for review and acceptance. Upon
acceptance from the Regulator, the Transporter
must implement the proposed change(s) within
the agreed timescale (CRU, 2017a).

Status

Responsible
stakeholders

Constraints and
interdependences

1. Under
development.

Transporter,
Regulator

1. Demonstration of ALARP
and subsequent Regulator
acceptance for the revised
Safety Case required before
commissioning of the BNEF
and subsequent biomethane
injection can take place.

2. Under
Regulator
review.

2. Acceptance of the
submitted Material Change
required before GNI can
provide bio-CNG as a
transport fuel to new offtake
points on the network for
public NGV supply.

2. Bio-CNG Offtakes
A Material Change to the GNI Safety Case has
already been submitted to the Regulator to allow
the Transporter to provide bio-CNG as a transport
fuel to new offtake points on the network for
public NGV supply. This Material Change is
currently under review by the Regulator.
FSRA

Under the Safety Case, a FSRA of the BNEF is
required in order to complete a detailed and
systematic assessment of risks, including the
likelihood and consequence of a gas safety-related
incident occurring and an explanation of the
mitigation measures implemented to ensure that
identified risks are maintained at a level that is
ALARP (CRU, 2017a). The FSRA should consider the
safety risks inherent at each stage of the BNEF
asset lifecycle, namely (CRU, 2017a): design,
construction, operation, maintenance, and
modification and decommissioning.
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Under
development.

Transporter

Demonstration of ALARP and
subsequent
Regulator
acceptance for the revised
Safety Case required before
commissioning of the BNEF
and subsequent biomethane
injection can take place.
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Process

Safety
mechanism

Objective

Status

Responsible
stakeholders

Constraints and
interdependences

Measurement
Risk Assessment
(MRA)

The MRA determines the appropriate gas quality
parameters to be measured at the BNEF entry
point to the natural gas network including; gas
quality, calorific value, and volume and energy
measurement from the biomethane produced at
Nurney. The MRA is a key aspect of demonstrating
in the GNI Safety Case that gas quality monitoring
arrangements are appropriate and is in line with
the IGEM Standard IGEM/TD/16 (Lander, 2016)

Complete.

Transporter

All risks to be reduced to their
target risk reduction value to
ensure overall activity risk is
ALARP.

Layer of
Protection
Analysis (LOPA)

A LOPA assessment is another target risk reduction
method which requires quantitative values to be
applied to the frequency and consequences of a
particular risk. The LOPA assessment for the GGL
BNEF primarily focuses on the odorant injection
process.

Complete.

Transporter

All risks to be reduced to their
target risk reduction value to
ensure overall activity risk is
ALARP.

Safety Integrity
Level (SIL)
Assessment

The SIL Allocation Assessment determines the SIL
level for the safety loops that operate the BNEF
ROV, based on a risk assessment of the hazards
involved. The assessment will identify Safety
Instrumented Functions (SIFs) for all risk
parameters to be implemented in order to ensure
the safety of the gas shutoff process (shutting of
ROV).

Complete.

Transporter

Risk reduction to the
maximum SIL level (SIL) 1 for
the SIFs in the BNEF is
required to ensure the safe
operation of the ROV.

The SIL rating is based on different ranges of
Probability of Failure on Demand (PFD) as per the
Institution of Gas Engineers and Managers
Standard - IGEM-SR-15 (IGEM, 2015):
SIL 1: >=1.00E-02 to <1.00E-01
SIL 2: >=1.00E-03 to <1.00E-02
SIL 3: >=1.00E-04 to <1.00E-03
SIL 4: >=1.00E-05 to <1.00E-04
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Process

Shipper Safety Case

DFO Safety
Considerations

Safety
mechanism

Objective

Status

Responsible
stakeholders

Constraints and
interdependences

CV Impact
Assessment

This Impact Assessment was completed to feed
into the MRA of the BNEF by determining the
calorific value (CV) impacts associated with
injection of GGL’s biomethane into the natural gas
network and the subsequent energy quality of the
biomethane supplied to customer’s downstream
(Lander, 2016).

Complete.

Transporter

The Code of Operations
requires CV to be within the
range 36.9-42.3 MJ/m3 (GNI,
2017b).

Material Change
Notice

As the shipping of biomethane is a new activity for
any natural gas Shipper, a Material Change is
required to an individual Shipper’s Safety Case if it
chooses to partake in this new activity. A revised
Safety Case documenting all changes and a FSRA of
the proposed change(s) must be submitted to the
Regulator for approval. Upon acceptance from the
Regulator, the Shipper must implement the
proposed change(s) within the agreed timescale
(CRU, 2017a).

To be
completed by
appointed
Shipper.

Shipper, Regulator

Demonstration of ALARP and
subsequent
Regulator
acceptance for the revised
Safety Case required before
Shippers can undertake
biomethane
shipping
activities.

FSRA

Under the Shippers Safety Case, a FSRA of
biomethane activities is required in order to
describe the associated risk mitigation measures
are completed to ALARP (CRU, 2017a). The FSRA
should consider any material changes to gas
procurement, gas shipping, gas retailing and
responding to the instructions of the National Gas
Emergency Manager (CRU, 2017a).

To be
completed by
appointed
Shipper.

Shipper

Demonstration of ALARP and
subsequent
Regulator
approval for the revised
Safety Case required before
Shippers can undertake
biomethane
shipping
activities.

Safety, Health
and Welfare
legislation
including
Construction
Regulations

GGL are “Client” as defined in Irish construction
regulations for the BNEF and upgrading facility.
The Client must fulfil this role in line with the
relevant health and safety legislation in Ireland,
namely Section 17 of the Safety, Health and
Welfare at Work Act 2005 around employer
duties, and moreover, the Safety, Health and
Welfare at Work.

On-going.

Biomethane Injection
Supplier, DFO
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Process

Safety
mechanism

Objective

Status

Responsible
stakeholders

Constraints and
interdependences

(Construction) Regulations 2013 (HSA, 2013). GGL
must ensure that all requirements to fulfil the role
of Client for this project are complete.

Bio-CNG Supplier
Safety Case

Hazard and
Operability Study
(HAZOP)

A HAZOP is required to examine all biomethane
injection process safety risks both upstream and
within the injection point of the BNEF.

Complete.

Biomethane Injection
Supplier, DFO

Safety Case
submission

A Safety Case is required for any undertaking who
wishes to supply bio-CNG to the public such as a
Bio-CNG Supplier. The Bio-CNG Supplier must
submit a Safety Case for acceptance including
satisfactory detail to demonstrate that all risks
created are managed to ALARP including a FSRA
(CRU, 2017a).

As required
by an
individual
Bio-CNG
Supplier.

Shipper, Regulator

Demonstration of ALARP and
subsequent
Regulator
acceptance for the revised
Safety Case required before
Bio-CNG Suppliers can supply
bio-CNG to the public.

FSRA

Under the Bio-CNG Suppliers Safety Case, a FSRA
of bio-CNG supply activities is required in order to
describe the associated risk mitigation measures
are completed to ALARP (CRU, 2017a). The FSRA
should consider assessing hazards and risks
associated with activities relating to the
procurement of bio-CNG and subsequent retailing
to the public, associated emergency response on
the bio-CNG refuelling forecourt, maintenance
plans and responding to the instructions of the
National Gas Emergency Manager (CRU, 2017a).

As required
by an
individual
Bio-CNG
Supplier.

Bio-CNG Supplier

Demonstration of ALARP and
subsequent
Regulator
approval for the revised
Safety Case required before
Bio-CNG Suppliers can supply
bio-CNG to the public.

Emergency Plan

A Bio-CNG Supplier must produce a local site
specific Emergency Plan for its bio-CNG refuelling
station in line with the HSA Emergency Response
Plans for Petrol Stations (CRU, 2017b / CRU 2017c).

As required
by an
individual
Bio-CNG
Supplier.

Bio-CNG Supplier

Required
by
Bio-CNG
Suppliers as part of the GSRF.
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9.5

Discussion

9.5.1 Absence of biomethane transport policy
To date, biomethane injection has been ignored by policy makers in Ireland to such
extent that it has not been included in the GOIs latest Support Scheme for Renewable
Heat (SSRH) in 2017 which “has been designed to replace fossil fuel heating systems with
renewable energy technologies” (DCCAE, 2017c). The SSRH offers an operational
support (i.e. operating-aid) for AD heating systems such as AD to CHP but does not
support biomethane injection; even though biomethane can provide a renewable heat
source to the 680,000 customers on the natural gas network and just as the Transporter
has committed to having 20% of biomethane in the network by 2030. Importantly, while
AD to CHP was included in the previous Renewable Feed in Tariff (REFIT 3) renewable
support scheme from 2011 to 2015, biomethane injection was once again discriminated.
The EU has also acknowledged that there are currently no financial support schemes for
biomethane in heating and transport sectors in Ireland even though Ireland has the most
potential for biogas production per capita within the EU by 2030 (EC, 2016). It seems
that there is a disconnect between the sustainable vision of the Transporter for the
natural gas network and the disregard which policy makers of the GOI currently have for
biomethane as an effective renewable fuel.

9.5.2 Successful biomethane transport policy
Other EU countries have had resounding success with biomethane injection and
subsequent utilisation as a transport fuel (or heat source) once the associated policy
makers committed to introducing effective policy and impartial subsidies to kick start
the market:

United Kingdom:
Significant policy focus on biomethane injection has led to the development of 85 BNEFs
which injected into the natural gas network in the United Kingdom in 2017 (Baldwin,
2017). Given that the first BNEF injected biomethane in 2010, such rapid expansion of
the biomethane injection market can be significantly attributed to financial incentives
which have stimulated rapid growth of biomethane production and injection projects
(Lander, 2016). Such incentive schemes began in 2011 as the Government of the United
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Kingdom introduced the Renewable Heat Incentive (RHI) which provided financial
subsidies for renewable heat generation, including long-term support (20 years) for
biomethane injection (OFGEM, 2011 / Lander, 2016).

From a transport perspective, the Government of the United Kingdom have since
introduced the Renewable Transport Fuel Obligation (RTFO) in 2018 which mandated
suppliers of transport fuel to supply 4.75% from sustainable renewable sources (Burns,
2017). The RTFO applies to suppliers who provide over 450,000 litres of fuel per annum
in which a Renewable Transport Fuel Certificate (RTFC) can be obtained by producing
their own renewable fuel or by buying RTFCs from other suppliers (Burns, 2017). The
RTFC offers a mechanism to monetise biomethane utilised as a transport fuel with 1kg
of biomethane receiving 1.9 RTFCs in 2017, while 1kg of biomethane produced from
waste receives 3.8 RTFCs (Burns, 2017). Biomethane producers can only receive RTFCs
for biomethane that is unsupported (RHI cannot also be claimed) and which is utilised
by an NGV (Fjeld, 2018).

Also, as the RTFO scheme is developing a market price for each RTFC produced,
purchased or traded, the need for tax payers money is significant reduced as an
independent market is created without subsidy and with the ability to trade RTFCs
internationally (Hartnell, 2017). The Government of the United Kingdom also introduced
a number of grant initiatives to promote the utilisation of low carbon vehicles, such as
the Green Bus Fund which has provided grants to public bus companies and local
authorities to assist them to purchase new low carbon buses. Under the latest round of
the grant scheme in 2013, grants were provided to five undertakings for 115 biomethane
buses at a cost of £7.7 million in order to stimulate the NGV market (DFT, 2013). The
Green Bus Fund has since been replaced with the Ultra-low Emission Bus Scheme in 2018
to assist in the Government of the United Kingdom’s aim to ensure almost every vehicle
is a low or ultra-low emission vehicle by 2050 (DTF, 2018). This scheme pledges £48m in
which any local authority or bus operator can apply for grant aid for low or ultra-low
emission vehicles as well as the supporting refuelling infrastructure (DFT, 2018). This
scheme illustrates the future vision of the United Kingdom policy makers for a
sustainable ‘captive fleet’ transport sector in which bio-CNG can contribute significantly.

256

Policies required to encourage biomethane as a transport fuel

France:
France is another EU Member State who has invested heavily in biomethane in terms of
creating a coherent attractive market with effective regulatory principles, introducing
financial subsidies and ambitious energy policy targets. The Government of France has
set an ambitious objective for the development of biomethane injection into the gas
network with projected production capacity of 1.7TWh in 2018 and 8TWh in 2023 (De
Singly et al, 2016). The first BNEF facility was commissioned in 2011 which has grown
steadily to 35 facilities in 2017, injecting 315GWh or 0.05% of France’s annual natural
gas demand (ENEA, 2017). Furthermore, 297 future BNEF projects are in a queue to be
connected to the gas network, equating to 6.5 TWh/year or 2% of France’s annual
natural gas demand with the ability to fuel over 28,000 buses or trucks (ENEA, 2017). It
is clearly evident that the inclusion of biomethane in Government policy is critical to
market development. The significant development of the biomethane industry can be
attributed to the Government of France’s Energy Transition for Green Growth Act which
was introduced in 2015 with the objective of renewable gas accounting for 10% of
France’s total gas demand by 2030 (ENEA 2017 / Legifrance, 2015).

In terms of policy measures, the Government of France have introduced a number of
financial subsidies in order to promote market development for biomethane injection,
including:
-

A regulated feed-in tariff (FIT) was introduced in 2011 for a guaranteed period of
15 years for biomethane producers (De Singly et al, 2016). The value of the tariff
is dependent on a number of parameters including AD facility size and type of
feedstock utilised (De Singly et al, 2016). The tariffs strongly favour biomethane
produced from waste in order to minimize the utilisation of energy crops as an
energy source (ENEA, 2017). The long term vision of the Government of France
is to replace the FIT programme with income supplements once the market has
fully developed and the cost of producing and injecting biomethane
subsequently decreases to a sufficient level (ENEA, 2017);

-

A capital investment grant was also introduced in 2011 and was provided to
biomethane injection developers on a case-by-case assessment basis by the
public authorities (De Singly et al, 2016); and
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-

A support mechanism for Suppliers in the form the Guarantees of Origin (GO)
system was introduced in 2015. The GO system operates on the basis that every
1 MWh of biomethane injected into natural gas networks receives 1 GO; the
online GO Register then records the volume of biomethane injected by the DFO,
exchanged with a Supplier and purchased by a connected gas customer as a
‘green gas’ through their supply agreement (De Singly et al, 2016). The GOs are
a source of revenue for Suppliers who retain 100% of the materialised value
when the biomethane is sold as a transport fuel and 25% when sold as a heating
fuel, with 75% paid to a Government of France compensation fund to reduce
public service charges (ENEA, 2017). The 100% value obtained highlights the
Government of France’s commitment to creating a renewable gaseous transport
fuel market through biomethane.

In terms of biomethane utilisation as a transport fuel in France, there were 66 bio-CNG
refuelling stations supplying over 14,500 NGVs in December 2017 (NGVG, 2017). The
NPF for alternative fuels of France forecasts that the number of bio-CNG refuelling
stations could increase to as much as 140 by 2025 with capital investment of €60 million
required (ENEA, 2017). The French Natural Gas Vehicle Association are much more
ambitious with 300 operational bio-CNG stations projected by 2030 (AFGNV, 2016). In
France, the focus of NGV utilisation is placed on HGVs, buses, refuse trucks and
corporate fleets (AFGNV, 2016). Local authorities in France have also been proactive by
introducing local initiatives to promote NGVs as a sustainable mobility solution with two
thirds of France’s cities (over 200,000 population) deploying public bio-CNG bus fleets;
Paris for example aims to have 20% of its buses operating on biomethane by 2025
through its Bus 2025 Programme (AFGNV, 2016). As previously advised by Goulding et
al and as clearly evident in France’s NGV policy, the GOI needs to commit to NGV
utilisation through captive fleets (HGVs, LGVs, buses and taxis) as an effective method
of initiating a bio-CNG transport market which will have many economic and
environmental benefits for the fleet operators, the public and policy makers (Goulding
et al, 2014).
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9.5.3 A need for significant biomethane transport policy
To date, Ireland’s focus on promoting biomethane injection has been sporadically muted
by policy makers in the GOI without any defined or material commitment. A nominal
effort has been made through the introduction of the SSRH in 2017 with an insignificant
€7 million of subsidies pledged for renewable heat in 2018, which excludes biomethane
injection; compare this to the Government of the United Kingdom’s commitment to
their RHI scheme which has a total budget spend of £1,150 million across all
technologies to April 2021, including biomethane injection (Burns, 2017). Furthermore,
there is no policy whatsoever for the development of biomethane injection for
utilisation as a transport fuel. Conversely, the GOI has committing primarily to EVs to
reach RES targets by 2030 from an indigenous renewable energy source perspective and
has pledging another €10m in Budget 2018 to EV technology.

In terms of promoting the use of bio-CNG as a transport fuel to the public and captive
fleets, the GOI took an initial policy measure in Budget 2015 by setting the excise duty
rate for CNG and biomethane to the current EU minimum rate for a period of eight years
(DFO, 2015). Although definitely required, such a policy measure only focuses on the
end of the supply chain. Accordingly, there is no biomethane and little CNG to supply to
the Irish transport market (two private refuelling stations in operation currently). To
date, the GOIs energy policy has neglected to financially support biomethane and CNG
infrastructure development, biomethane production and injection, certification as a
green fuel and incentives for Shippers, Bio-CNG Suppliers and Bio-CNG Fleet Operators
in order to develop a rounded “production to supply” market.

With the RES-T and GHG emissions targets of 2020 in significant danger of not being
achieved and such future targets to 2030 increasing significantly, the GOI must firstly
acknowledge that its renewable transport energy policy has not been successful to date;
relying on a renewable biofuel that is imported into Ireland and a struggling EV strategy
that the GOI intends to further commit to by increasing from 2,000 operational EVs in
2016 to over 800,000 EVs in 2030 as proposed in the NPF of Ireland. The authors strongly
recommend that bio-CNG utilisation as a transport fuel should be added as the third
element of renewable transport policy, including full commitment to develop the
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market through the captive and commercial fleets of Ireland. Financial support and
incentives are required for Biomethane Injection Producers, Bio-CNG Suppliers and BioCNG Fleet Operators as well as a tradable GO system in order to allow the market to
function without financial support once fully developed. Countries such as the United
Kingdom and France have illustrated how to develop an emergent bio-CNG transport
sector once Government policy is fully committed to the process.

9.6

Conclusion

9.6.1 Closing the gap with gaseous transport fuel
Through the examination of the current EU and GOI environmental and energy policy
frameworks for road transport and their associated performance, the authors have
shown that Ireland is not on-track to achieve its RES-T and GHG emissions targets by
2020. Such poor performance has highlighted a number of significant issues in the Irish
transport sector which biomethane (and CNG) can assist in remedying:
-

From an energy policy perspective, Ireland is currently achieving 50% of its REST 2020 target, with further 5% of RES-T required to achieve the 10% target by
2020. The GOIs energy policy is somewhat lacking in urgency and adapts a
laissez-faire approach to a rapidly changing climate, placing the majority of the
burden on imported biofuels and the remainder on a struggling EV strategy. The
GOI needs to diversify Ireland’s renewable transport portfolio by fully
committing to alternative forms of indigenous renewable energy such as
biomethane in order to mitigate the risk of not achieving the EU’s associated
energy policy targets in 2020 and beyond;

-

From a policy utilisation perspective, the GOI and the transport industry is
struggling to improve the social acceptance of new zero or low emissions vehicles
(such as EVs) introduced to the private car market. Ireland needs to find a niche
market and an effective deployment strategy for the utilisation of such new
technology vehicles. Captive and commercial fleets provides a suitable platform
for bio-CNG utilisation as a transport fuel as previously determined by the
authors and as successfully illustrated in France and the United Kingdom; and

-

From an environmental perspective, Ireland is currently projected to be 14-16%
behind their EU GHG emissions target by 2020, with the transport sector
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accounting for 19.1% of this projected deficit. Air quality is also a great concern
given the expected growth of the economy and transport sector in the future.
Ireland’s over reliance on fossil fuels in transport will continue to be to the
detriment of Ireland’s environment unless new zero or low emissions
technologies such as biomethane are introduced to the market.

Therefore, the authors are proposing the introduction of bio-CNG as a transport fuel in
order to address the important policy and environmental issues highlighted which
Ireland currently faces in the transport sector. Although biomethane has been generally
ignored by the GOI to date, the Transporter in Ireland have begun to initiate a bio-CNG
transport market and are proposing to install and commission 70 new public and private
refuelling stations (two are currently operational) and 6 BNEF across Ireland by 2025.
Furthermore, the GGL demonstration project requires the Transporter to create the
essential market arrangements for biomethane injection and utilisation as a transport
fuel. The authors and the Transporter are also heavily involved in developing the crucial
regulatory and safety frameworks as highlighted in this paper in order to allow this bioCNG market to perform effectively, be appealing for all market participants to utilise
while ensuring that safety is paramount.

However, the absence of policy from the GOI for the development of a gaseous
transport industry is extremely worrying. It is clearly evident from countries such as the
United Kingdom and France that aggressive energy policy and financial support is
required from government in order to facilitate the development of a bio-CNG market
from its infancy. Such support (through REFIT) has previously been provided by the GOI
for renewable electricity production from wind which has had significant success. Such
support is also being provided to EVs, however, very limited success has been
experienced to date due to the fact that EV battery technology is still in a developmental
phase which leads to poor social acceptance. Also, policy makers extremely
overestimated the initial EV penetration potential in the Irish private car market which
has impacted on the ability of EVs to assist in meeting the RES-T target in 2020.
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Therefore, the authors strongly recommend that the GOI needs to diversify its transport
energy policy to include bio-CNG as a transport fuel as a tried and tested technology
which has shown a strong level of market performance throughout the world. Not only
does biomethane have the ability to assist in achieving the RES-T target of the
Renewable Energy Directive to 2020 and beyond, it can also assist in achieving the
emissions targets of the Effort Sharing Decision and the CNG infrastructure targets of
the Alternative Fuels Infrastructure Directive. To further strengthen this argument, the
EU has identified that Ireland has the most potential for biogas production per capita
within the EU by 2030 if an effective market can be developed. From an infrastructural
perspective, there is 13,900km of pipeline owned and operated by a Transporter who
are already fully committed to introducing bio-CNG as a transport fuel.

In summary, the authors propose that the GOI and associated energy policy should
adopt a pragmatic approach to increasing the quantity and types of renewable energy
in the transport sector. The potential of biomethane from indigenous sources has been
well documented and should form a significant part of Ireland’s strategy to de-carbonise
the transport sector, especially through utilisation in captive and commercial fleets. The
regulatory, safety and policy recommendations made in this paper in conjunction with
the Transporter’s bio-CNG strategy can enable 20% of the natural gas demand in Ireland
to be supplied with biomethane by 2030. This would be equivalent to approximately
25% RES-T allowing for double credits for biomethane produced from waste.
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10.0 Conclusions
10.1 Aim and objectives of thesis
The overall aim of this body of research is to determine what policies are required to
strategically develop an effective renewable gaseous transport industry in Ireland has
been achieved. This thesis delivered the following objectives:
-

The potential of biomethane as a transport fuel has been quantified;

-

The optimum utilisation route to market has been determined;

-

The optimum infrastructural framework to facilitate market development has
been derived;

-

An enhanced regulatory framework has been devised to allow gaseous transport
fuel to be strategically supplied to the market in efficient and cost-effective
manner; and

-

A case study of the first biomethane injection demonstration project in Ireland
has been presented in which effective technical, regulatory and safety
frameworks for biomethane injection are being developed.

10.2 Conclusions of thesis
The conclusions of this thesis are as follows:
-

Ireland is currently performing poorly in relation to its EU energy and
environmental policy targets, with a further 5% of RES-T required (50% increase
in renewable energy sources) to achieve the 10% target by 2020. The current
energy policy deployed places the majority of the burden on imported biofuels
and the remainder on a struggling EV strategy. The author of this thesis is
adamant that Ireland must diversify its renewable transport portfolio by fully
committing to alternative indigenous renewable forms of transport energy.
Furthermore, the author strongly believes that biomethane as a transport fuel is
best placed to assist Ireland in achieving the EU’s energy policy targets by 2020
and beyond;

-

To strengthen this belief the author evaluated and compared the technical and
economic performance of the main biogas utilisation technologies, namely,

263

Policies required to encourage biomethane as a transport fuel

biogas to CHP and biomethane as a transport fuel; determining that biomethane
to transport is the optimum biogas technology for development in Ireland due to
the unavailability of thermal demand for biogas to CHP in Ireland. There is a
distinct lack of a residential districting heating infrastructure in Ireland which is
a significant obstacle for the sale of thermal energy produced from biogas to
CHP;
-

With the right market conditions, the author has calculated that biomethane as
a transport fuel produced from 29 grass silage AD to biomethane upgrading
facilities (utilising 350 ha of land per facility) has the potential to fuel 46,136
NGVs (passenger cars) contributing to 2.3% of Ireland’s RES-T. This equates to
only 1% of the land area under grass silage in Ireland being digested and thus will
not adversely impact the agricultural needs of grass silage which have become
significantly increased in recent years;

-

The injection of biomethane into the national gas network is preferred by the
author as opposed to an AD facility which has its biomethane refuelling station
on-site as it is limited in its potential to fuel a high quantities of NGVs due to the
confined geographical area of the facility. Conversely, biomethane injected into
the natural gas network can be distributed downstream on the network at
various NGV refuelling station connection points (physically or virtually) as is the
case in many EU countries. Ireland has the added benefit of possessing a world
class natural gas network with over 13,770km of pipeline services over 160 high
population centres across the country. The natural gas network of Ireland can
also benefit from biomethane injection as biomethane will increase the security
of supply of the network through an indigenous renewable energy source;

-

The injection of biomethane produced from agricultural residues (grass silage
and slurry) and subsequent utilisation as a transport fuel is economically
unattractive to the market in terms of sale price11, as this 100% biomethane has
a viable sale price of €1.406/LDE, which is dearer than petrol or diesel. Therefore,
as a significantly cheaper accomplice, CNG utilisation as a transport fuel is
required to initiate the gaseous transport market acting as the primary route to

11

Note: All fuel prices provided in this chapter are accurate at the time of writing and may be subject to
change.
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market to assist biomethane utilisation as a transport fuel. Once CNG and
biomethane is blended to form bio-CNG, this gaseous transport fuel becomes
extremely competitive against traditional fossil fuels, as bio-CNG with 20%
biomethane has a viable sale price12 of €0.687/LDE, representing a 53% and 55%
reduction in comparison to the price of diesel and petrol. This bio-CNG approach
that the author adopts in this thesis is extremely attractive to potential NGV
customers while critically still offering all the environmental benefits of travelling
on a renewable indigenous transport fuel. The author strongly believes that a
gaseous transport industry will not be successful unless a renewable element
(biomethane) is part of the product being supplied;
-

The author has clearly shown that the optimum utilisation pathway to develop
an effective market for bio-CNG as a transport fuel is the commercial “captive
fleet”. As undoubtedly seen in other EU countries such as France, the commercial
captive fleet is perfectly suited to bio-CNG utilisation as it has the capability to
provide a greater level of certainty to biomethane producers and fuel suppliers;
as the number of NGVs utilised and the associated volume of travel movements
can be quantified, thus ensuring that the supply of bio-CNG to meet demand can
be estimated and guaranteed by contractual agreements. Unlike passenger EVs,
a bio-CNG captive fleet does not require a significant network of refuelling points
as captive fleet NGVs typically return to a centralised depot to refuel. Bio-CNG
also offers a saving of up to 22% for a LGV captive fleet running on bio-CNG in
comparison to its diesel equivalent over a five year lifecycle. These highlighted
benefits provide a major opportunity for bio-CNG to supply the commercial
captive fleet sector in the Irish road transport market as the current EV strategy
is only focussing on passenger vehicles;

-

The author has developed a bio-CNG infrastructure framework through the
derivation of six criteria to identify optimum locations for bio-CNG refuelling
stations based on a number of legislative, regulatory, commercial and renewable
considerations. The implementation of this 22 public refuelling station
infrastructure framework for Ireland will ensure that the mandate of the

12

Note: All fuel prices provided in this chapter are accurate at the time of writing and may be subject to
change.
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Alternative Fuels Infrastructure Directive is satisfied. Furthermore the proposed
framework has given significant consideration to assisting the bio-CNG captive
fleet by identifying 11 bio-CNG public refuelling station locations along the Core
Network from Northern Ireland via Dublin to both major sea ports in Cork and
Limerick. Such coverage ensures that bio-CNG captive fleets have the ability to
travel effectively and efficiently along the main commercial routes and major
ports in Ireland without being constrained by having to return to its own depot
to refuel;
-

An effective bio-CNG regulatory framework should be based on three core
principles, namely; safety, efficiency and simplicity. These principles will ensure
that the regulatory and commercial risk is at an acceptable level for bio-CNG
investors and stakeholders when committing to participating in the bio-CNG
transport market. Therefore, it is critical that the treatment of the licencing
regime for the supply of bio-CNG is fit for purpose as a strict licencing regime will
increase costs for market participants making participation unattractive, while a
soft licencing regime may lend to the unsafe and negligent supply of bio-CNG;

-

The regulatory framework for the supply of bio-CNG as a transport fuel has been
initiated by the CRU in conjunction with GNI in such a manner that it is not
hindering nor facilitating the development of bio-CNG in the transport industry
in Ireland. The main mechanism for the supply of bio-CNG for a respective BioCNG Supplier is to hold a Bio-CNG Supply Licence approved by the CRU. When
developing the Bio-CNG Supply Licence, the CRU issued a public consultation
which was reviewed in this thesis in which the author and his co-authors (as part
of GNI) responded with a submission containing a number of enhancements in
order to facilitate a more simplistic and cost effective licencing regime. For
example, the enhancement to remove Condition 2 means that a Bio-CNG
Supplier will now not require to hold a Shipper Licence, thus eliminating a
significant unnecessary regulatory and financial barrier for potential Bio-CNG
Suppliers. In its final decision on the Bio-CNG Supply Licence, the CRU accepted
the proposal to remove Condition 2 with the Bio-CNG Supply Licence allowing a
Bio-CNG Supplier the opportunity to engage a Shipper without the need to be a
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Shipper themselves; thus removing an onerous regulatory requirement on new
bio-CNG Suppliers and making it more attractive to enter this emerging market;
-

The Bio-CNG Supply Licence is one key effective mechanism for the regulation of
the bio-CNG transport market in Ireland with a number of other mechanisms
currently in place also as highlighted. However, it is very evident from the
author’s research in this thesis that there is a significant number of further
regulatory, commercial and safety mechanisms to be developed (or in
development) and deployed in order to provide an effective market for bio-CNG
as a transport fuel along the whole supply chain; from biomethane injection to
commercial transportation to final bio-CNG supply and resale. Accordingly, this
thesis has presented an all-encompassing regulatory, commercial and safety
framework, providing an in-depth portrayal of all the critical mechanisms
required to inject biomethane and supply bio-CNG both effectively and safely.
The proposed frameworks in this thesis can guide the development of an
effective and coherent bio-CNG transport industry in Ireland that will offer
captive fleet and private car owners a real and advantageous opportunity to
break the dependency on fossil fuels while also assisting in achieving EU energy
and environmental policy targets;

-

The author strongly believes that the key ingredient missing in order for the
proposed enduring bio-CNG regulatory framework to succeed is the alignment
of the key stakeholders’ commitment and endeavour to bio-CNG. For example;
the Transporter (GNI) is hugely committed to introducing biomethane into the
natural gas network (through the demonstration facility in County Kildare) and
supplying bio-CNG to private and public NGV customers (CNG stations in
Shannon and Dublin Port) and the Regulator (CRU) is assisting GNI to develop the
regulatory and safety frameworks to operate a bio-CNG transport market, albeit
slower than required to assist reaching RES-T target by 2020. However, the GOI
is not aligned or committed to the promotion of bio-CNG as a transport fuel and
thus there is a low degree of confidence in the development of biomethane
injection points and subsequently a renewable gaseous transport industry in
Ireland; and
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-

The absence of dedicated policy from the GOI for the development of a gaseous
transport industry in Ireland is extremely worrying. It is clearly evident from
countries such as the United Kingdom and France that aggressive energy policy
and financial support is required from government in order to facilitate the
development of a bio-CNG market from its infancy. Such financial instruments
have previously been provided by the GOI for renewable electricity production
from wind which has had significant success. Such support is also being provided
to EVs, however, very limited success has been experienced to date due to the
fact that EV battery technology is still in a developmental phase. Therefore, the
policy makers of the GOI must diversify Ireland’s renewable transport portfolio
by fully committing to alternative forms of indigenous renewable energy such as
biomethane through strategic policy measures and financial supports for
development, production and supply in order to mitigate the risk of not achieving
the EU’s associated energy policy targets by 2020 and beyond.

10.2.1 Novelty of thesis
In conclusion, this body of research has determined a novel strategy by proposing to
develop an effective biomethane transport market through the determination that the
captive fleet offers the optimum pathway to penetrate the fossil fuel transport sector
with the significant biomethane potential identified once the proposed regulatory,
safety and policy frameworks are implemented to overcome the many highlighted
barriers. This thesis has taken a holistic approach of analysing biomethane and CNG as
an alternative type of transport fuel in the Irish market, that has not previously been
undertaken, to determine the key market players and stakeholders, their roles and
responsibilities to deliver this potential market, the various barriers obstructing the
development of the market and the proposed solutions and mechanisms in order to
deliver the authors proposed bio-CNG transport strategy. The regulatory, safety and
policy recommendations of the bio-CNG strategy proposed in this thesis will enable GNI
as the Transporter to achieve its ultimate ambition of having 20% of the natural gas
demand in Ireland to be supplied with biomethane by 2030 which equates to a 25% REST over the same period.
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10.2.2 Impact of thesis
To date, this research has provided a significant positive impact on a number of critical
workstreams in order to identify the policies required to strategically develop an
effective renewable gaseous transport industry in Ireland:
-

From an academic perspective, this research has been widely accepted and
utilised which is evident through the 37 citations received for the published
scientific journal papers which form the chapters of this thesis: Chapter 4 has 30
citations, Chapter 6 has 5 citations and Chapter 8 has 2 citation at present.
Chapter 7 was also accepted for publication on 4 January 2019;

-

From a natural gas industry perspective, an element (Chapter 5) of this thesis has
been recognised through the award of first place in an industry competition on
the future enhancement of the natural gas network in Ireland. This industry
competition was adjudicated by the Pipeline Industry Guild and Engineers
Ireland;

-

From a policy perspective, the proposals made in Chapter 8 in relation to
enhancing the regulatory licencing for the public supply of bio-CNG has been
widely accepted by the CRU and implemented in the licencing regime for bioCNG supply. Inclusion of the derogations proposed in Chapter 8 in the Bio-CNG
Supplier Licence have removed onerous regulatory requirements for Bio-CNG
Suppliers and will significantly increase the potential of Bio-CNG Supplier
participation in the bio-CNG transport industry; and

-

From a policy and developmental perspective, Chapter 9 documents the current
regulatory, policy and safety frameworks being developed to allow the injection
of biomethane into the natural gas network in County Kildare for the first time
in Ireland. The proposed frameworks will then act as a template for all future
biomethane injection facilities in Ireland by defining the market conditions for
the injection, transportation and commercial sale of biomethane in the network
and as a transport fuel.
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10.3 Recommendations of thesis
The recommendations of this thesis are as follows:
-

The implementation of the proposed bio-CNG roadmap in this thesis to deliver
1% of the RES-T through the development of 11 AD facilities which will inject
biomethane into the natural gas network. This bio-CNG roadmap will initiate the
potential of renewable gas in the transport industry as well as promoting further
development by transforming the commercial and industrial road transport
market; penetrating 11.2% of the LGV sector, 50% of public bus fleets and 36%
of the country’s taxi services with over 14,000 public service and commercial
captive fleet NGVs operating on bio-CNG (20% biomethane);

-

The implementation of the proposed bio-CNG infrastructure roadmap in this
thesis in order to physically supply bio-CNG to the road transport market by
deploying 22 bio-CNG public refuelling stations; 19 of which are located on the
natural gas network with a further three virtual pipeline stations to ensure all
Ireland coverage. Nine of these stations are located in counties where there is a
high or very-high biomethane potential. Once successfully implemented, this
roadmap can act as a successful template for full scale bio-CNG infrastructure
development in Ireland to supply the road transport market;
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Figure 10.1: The proposed regulatory framework for the supply of bio-CNG in Ireland
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-

The implementation of the proposed regulatory framework in this thesis for the
public supply of bio-CNG as highlighted in Figure 10.1 will ensure that the bioCNG infrastructure roadmap proposed is effectively developed and operated
under coherent market conditions. This framework would ensure that the roles
and responsibilities of all bio-CNG market participants are consistent and
transparent, thereby facilitating the development of bio-CNG as a transport fuel
safely and in a regulatory sound and cost-effective manner. Furthermore, this
framework should be strongly considered by the GOI as it would provide a
financial benefit in the region of €46.6m, equating to a 2.02 benefit to cost ratio
over an 8 year period;

-

To further enhance the proposed bio-CNG regulatory framework for the supply
of bio-CNG highlighted in Figure 10.1, the implementation of the allencompassing bio-CNG regulatory framework highlighted in Figure 10.2 should
be completed in order to ensure coherent market conditions are in place to
manage the injection of biomethane into the natural gas network and its
subsequent transportation to bio-CNG refuelling stations on the network for
supply as a transport fuel;

Figure 10.2: The proposed enduring bio-CNG regulatory framework for biomethane
production to bio-CNG supply
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-

The implementation of the proposed bio-CNG safety framework in this thesis for
the public supply of bio-CNG highlighted in Figure 10.3 will ensure that the bioCNG infrastructure roadmap proposed is safely developed and operated under
coherent market conditions and remains consistent with the safety framework
currently in operation for the natural gas network of Ireland; and

Figure 10.3: The proposed bio-CNG safety framework for biomethane production to
bio-CNG supply

-

The final recommendation is that the GOI has to be the market development and
policy leader in the promotion of alternative transport fuels (such as bio-CNG) in
order to achieve EU RES-T targets to 2020, 2030 and beyond. To begin, the GOI
must firstly acknowledge that its renewable transport energy policy has not been
successful to date; as the current imported biofuels strategy will not be fit for
purpose in the future while the current EV strategy will continue to struggle until
such time that battery technology instils confidence in the market. The author
strongly recommends that bio-CNG utilisation as a transport fuel should be
added as the third element of renewable transport policy, including full
commitment via effective policy and financial instruments in order to develop
the bio-CNG market through the captive and commercial fleets of Ireland. A full
route and branch examination and overhaul of Ireland’s transport energy policy
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is required including a detailed analysis into the provision of financial subsidies
to ensure that biomethane is fairly treated (along with biofuels and EVs) and to
illustrate that the GOI are fully committed to biomethane as a transport. Such a
commitment from policy makers is paramount to developing a bio-CNG
transport industry that can deliver a RES-T of 25% by 2030.

10.4 Future academic work
This research has demonstrated that there is significant potential for biomethane as an
alternative fuel to penetrate the road transport industry in Ireland and greatly improve
its associated sustainable performance if the proposed policies in this thesis are
implemented effectively. The following future bodies of academic work can greatly
enhance the conclusions and recommendations of this research in order to develop an
effective biomethane transport industry in Ireland:
– Biomethane transport subsidy derivation: The fair application of financial
supports for biomethane as an alternative transport fuel is critical in order to
promote such utilisation in the market. Currently, policy makers are overlooking
biomethane injection for financial support with no such subsidy for renewable
gas in Ireland. A route and branch analysis of the current renewable energy
subsidy programmes (i.e. REFIT, GOOs, EV grants, etc.) is required to determine
if they are still fit for purpose while also considering the inclusion of other
alternative fuels such as biomethane to promote fair and transparent support
for all alternative fuels on the market. This body of research should be presented
to policy makers for consideration and inclusion in policy once complete.
– Assessment of key behavioural and social challenges: An overarching assessment
of the social attitudes and acceptance levels towards biomethane in Ireland can
provide invaluable insight into the key behavioural challenges this alternative
fuel faces. This research’s key aim should be to identify and understand such
social challenges, including but not limited to the following: framer’s uncertainty
for energy crop production, perceived capital investment risk, technology
misunderstanding, lack of confidence in NGVs, etc. A well to wheel examination
of the key social challenges facing biomethane will effectively inform how best
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to approach biomethane development, promotion and incorporation into the
transport industry.
– Alignment of key stakeholders: In order to implement the numerous policies
proposed in this research, a national biomethane steering committee (chaired
by the Department of Communications, Climate Action and Environment) should
be established with the key aim of delivering biomethane to the market in the
most efficient manner possible. There are a significant number of key
stakeholders who have major contributions to make in order to develop a
biomethane transport industry in Ireland, including but not limited to the
following: the CRU, GNI, the Government of Ireland, natural gas suppliers,
planning authorities, fuel court operators, captive fleet operators, etc. The main
academic institutions focussed on biomethane development should from an
integral part of this committee, acting as the subject matter experts for
biomethane development. Management of the key workstreams and
deliverables to develop the biomethane transport market (utilising the outputs
of this research) can be achieved through the proposed national biomethane
steering committee and academic institutions. Furthermore, an all-inclusive
committee will ensure that the key responsibilities and expectations of each
stakeholder are clear and quantified, important information is shared easily and
a collaborative approach to addressing market barriers can be deployed; thus
ensuring that no specific work stream is neglected or slows down the
development of the market.
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